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(57) Abstract 

Enzymatic RNA molecules which cleave 1CAM-I mRNA, IL-5 mRNA, ref A raRNA, TNF-« mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for the treatment of pathological co millions 
related to those mRNA-lcvets; ribonuclcosides or nucleotides modified in 2\ 3* or S\ methods for their synthesis, 
purification and deprotectton; vectors containing multiple enzymatic nucleic adds, optionally in chimeric form with 
tRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-toup ba&e-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -Ugaiing hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem 1L 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Packqround of fre Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Invention 

The Invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, ICAM-1, IL-5 f relA, TNF-a, p210 bcr-ab! ( an( j respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

• 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
^ base sequence specific manner. Such enzymatic RNA molecules can be 
1 5 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al. t 84 Proc. Natl. Acad. Scl, USA 8788, 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al. ( 17 Nucleic Acids Research 1371, 1989. 

. Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
. RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved Its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatlcally. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

1 5 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, p210 bc '-abl f or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, re! A, TNF-a, p210 bcr " a bl l or RSV genes and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
ct, p210 bcr ' ab, l or RSV encoding mRNAs may be readily designed and are 
within the invention. 

« 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule* it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermoleculariy cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivaJenr RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have simitar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

in preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Naurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
Hampel and Tritz. 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta vims motif is described by Perotta and Been, 1992 Biochemistry. 31 

35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 Cell 35 849, 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene* is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target That is, the enzymatic RNA molecufe is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent* RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
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In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses f 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry. 31 

35 16 of the RNaseP motif by Guerrier-Takada et al. f 1983 Ce/f. 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from tlie 
primary transcript by a second ribozyme (Draper et aL, PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J„ et aL, 1992, Nucleic Acids Svmp. 
Ser. 27, 15-6; Taira, K. et aL, Nucieic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et al., 1994 J. Biol. 
Chem.. 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1 ,Rel A, IL-5, 
10 TNF-a, p210 bcf - abl or RSV encoding rnRNA is reduced below that 
observed in the absense of the ribozyme,. and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the rnRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
15 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr ~ abl or RSV 
protein or activity in a cell or tissue. By 'related" is meant that the Inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210 b °r-abl or RSV rnRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr * abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11. 13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
rnRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop I V sequence of hairpin 
ribozymes fisted in the above identified Tables can be altered (substitution! 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-ct, p210 bcr -*bl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase II! (pol 
111). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II, promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proa Natl. 
Acad. Set. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res. t 21 
2867-72; Ueber et al., 1993 Methods EnzymoL, 217, 47-66; Zhou et a!., 

30 1990 Mol. Cell Biol. t 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1 992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proa Natl. Acad. Set. USA, 90, 6340-4; 
fHuiller et al., 1992 EMBO J. 11, 441 1-8; Usziewicz et al„ 1993 P/oc. Natl. 

35 Acad. Sci. U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Pravyiogss; 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be £ 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known In the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Hasefoff and 
Geriach (1968, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nucf. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (/.e. t n 
is 1 ,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 

■ 

bases (preferably 3-20 bases, I.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs {e.g., 4-20 

25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each Instance, each N and N 1 independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 

30 preferred. Helix 1 and 4 can be of any size (I.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, he., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q* is £ 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
/ refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta vims ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self* 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 Is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HF at 65°C for 1 .5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA»3HF reagent, to the same 
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pot, to remove protecting groups at the 2-hydroxyl position. The " 
deprotection is carried out for 1.5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to fulHength RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2'-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a ^-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2 f -hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 

5 transcript Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

10 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylo genetic and mutational analysis (reviewed by Symons, 1992 supra) . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3* end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et aL, 1992 Nucleic Acids Res. 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruff ner et al., 1 990 Biochemistry 29, 1 0695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBQ. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at Its 3' end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Res. 21, 1991; Aftschuler et al., 1992 supra) . (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et at., 1992 piophemistry 31, 11843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3 -end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3 1 cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, ll 9 III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Mature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with A/del 
restriction enzyme. Transcripts frpm N templates contain 220 non.- 
ribozyme nucleotides at the 3* end. R, Plasmid templates linearized with 
Rca\ restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3 ( end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 

30 * because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5* end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer* 
extension assay- Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5 1 and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31 1 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3* 
of B box has been deleted (AdeniykJones et al M 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3* end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3' end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et a!., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski\& Sacchi. 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Cum Protocols Mot. Biol 1992, 
ed. Ausubel et al M Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs tn MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 jig total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrytamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 
. 30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 
35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAi met , refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band M, 
maimer lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Rg.37. 
Nomenclature is same as in Figs. 35 and 36 except, S. ff terminus-labeled 
5 substrate RNA. P, 8 nt 5 4 terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HH! ribozyme. 

Figures 44 f 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPFTRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, matters; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase U or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenovirus coding regions (cross-hatched boxes marked as E1, ptX, 
E3, and E4) t and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Rg. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5 1 side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17 T 167). RPI A is a HH 
* ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Rg. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (61 3 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5* end and that the 3* end of the 5' fragment have a hydroxy! group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecuiar 
1 0 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J. 12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecuiar helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecuiar helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. ' All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 

5 standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 jxf 

0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1fiM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 

5 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 pi were taken at regular time intervals, 
quenched by adding an equal volume of 2X fomnamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacryfamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

:0 imaging of gels with a Phosphorimager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme*substrate complex. The 
. ribozyme was assembled from two fragments as described above. The 
>5 nomenclature is the same as above. 

• 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
10 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme^substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1 .9 KB region (containing hairpin site M) was synthesized by 
PCR using primers thai place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were earned out as described 
1 0 above except that 20°C and at 26°C temperatures were used. 

Rgs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is £ 2 bases. 

1 5 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103"L*, wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et aL. WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et a/., 
1993 supra] Jennings et a/ M supra). Nomenclature is same as described 
under figure 3. 

Rgs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is £ 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramid'rtes. 

Figure 77 is a diagrammatic representation of the synthesis of 5-C- 
alkyl-L-talose nucleosides and their phosphoramidttes. 

5 Rgure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing S'-Omethyl-L-talo modifications at 
various positions. 

Rgure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown. 

10 Rgure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel et a/. Nucleic Acids Res. 1 992, 
20, 3252) showing specific substitutions. 

Rgs. 81a-j shows the structures of various ^-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyi 
1 5 groups, 2 is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-0 
ally! uridine and cytidine. 

Rgure 83 is a diagrammatic representation of the synthesis of 2'-0 
methylene and 2-C-difluoromethyIene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-Odifluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2 -C-difluoromethylene adenosine. 

Rgure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside S'-deoxy-S'-difluoromethylphosphonates. 
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* 

Figure 88 is a diagrammatic representation of the synthesis of 
nucleoside S-deoxy-S'-difluoromethylphosphonate 3-phosphoramidttes, 
dimers and solid supported dimers. 

Rgure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside S'-deoxy-S'-difluoromethylene triphosphates. 

* 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of S'-deoxy-ff-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation " of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2'-hydroxy1 group 
1 0 modification of the present invention. 

4 

t 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2 > ~hydroxyl group modification of the present invention. 

• 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
15 indicated. 

Rgure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
afa, represents HHN ribozyme containing 2-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2 1 -NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
Z-NH-lyslne modification at U4 position. U7 lys, represents HHA containing 
2-NH-lysine modification at U7 position. U4/U7-iys, represents HHN 
containing 2-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

■ 

Rgure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5 1 ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Rgures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 1 04. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and ah R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as iigand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al. f PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1, 
II-5, rel A, TNF-a ,p210 bc ^-abl f or rsv mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Taraet sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and defivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et ah, 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Oraper et aL, PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from ONA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacryiamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

* 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al. t 1987 J. Am. Chem. Sod, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the S'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A*|4 {numbering from Hertel et al., 1992 Nucleic Acids Res., 20. 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucielc Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from ON A 
templates using bacteriophage T7 RNA polymerase (Milligan and 

1 0 Uhlenbach, 1989, Methods Enzymol, 1 80, 51). All ribozymes are modified 
extensivefy to enhance stability by modification with nuclease resistant 
groups, for example, 2-amtno, 2-C-allyl, 2'-flouro ( 2-Omethyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

15 high pressure liquid chromatography and are resuspended in water. 

Example 1: ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically Inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule- 1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusioh injuiy. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a '110 kilodalton member of 
the immunoglobulin superfamify that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, rinterferon, tumor necrosis factor-a, or interleukin-1) ( 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer ef. al. supra; Dustin et al., supra; and Rothlein et a!. f 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et at., supra). Elevated expression is detectable 
after 4 hours and peaks after 16-24 hours of induction. 

• 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Scl. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol 107, 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation, 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et at., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T cell proliferation (Oang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
10 are 5' to 3* in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4*6 and 10. Those in the art will recognize that 
15 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immuhofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et aL, PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-Induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
30 51 , 537-539). 

Antibody to ICAM-1 blocks renal (Cosiml et al. f 1990 J. Immunol 144, 4604- 
4612) and cardiac (Ravin et al., 1991 Transplant Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et af. f 1 993 Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et aL, 1990 Arthritis Rheum (33, 
1776-86; Koch et aL, 1991 Lab Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et aL, 1993 
Arthritis Rheum 36, 519-27). 

10 . AntMCAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et a!., 
1 992 Cell Immunol 1 42, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (iigo et aL, 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Antl-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et aL. 1992 Am J Physio! 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et aL, 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et a!., 1 Q92Circuiation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et aL, 1990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret aL, supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et aL, 1992 Clin 
Exp Allergy 22, 569-75). 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al., 1 993 Br J Dermatol 1 28, 34-7). 

5 AntMCAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et a!., 1 993 J Immunol 1 50, 21 48-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et ah, 1989Lancef 2, 1298-302). 

10 Soluble (CAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
aL, 1992Artft/Ttfs Rheum 35, 672-7; Tsuji, 1992 Arerugttf, 1 507-1 4), 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
15 Immunol 37 ,377-80). 

Example g; II-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e.g.. by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation In asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of. the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1 R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P t neurokinin A and calcftonin-gene-retated peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al., 1989 supra: Garssen et ah, 1991 Am. Rev, 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89. 747-752; 
Mauser et al., 1993 supra) . Ribozyme cleavage of IL-5mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential, 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (Ail sequences are 5" to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
1 5 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14-16. Those in the art wiJI recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (ff-GGCCGAAAGGCC- 
3*) can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5'-CACGUUGUG-3') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysts or quantitative RT-PCR. 
10 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be Identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et a!., 1988 Immunol. Rev. 102, 107). it stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 Blood 73. 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp, Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exo. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehfing et al.. 1992 J. Investig. Allergol. Clin. Immunol. 
. 2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. in situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al M 1993 J. Allergy 
Clin. Immunol . 92, 313-24), Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al M 1993 Am. J. Respir. Cell. MoL BioL 9. 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al., 1993 Am. J. Respir. Cell. Mol. Biol. 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive celts 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et aL, 
1992Sqhvyej7;. Med. Woch?nsghr, 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al., 1993 Am. Rev. Respir. Pis. 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecofine after ovalbumin challenge 
5 (van Oosterhout et aL, 1993 Am. Rev. Respir. Pis. 147, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes !L- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
15 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allergy Cfin. Immun. 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al., 1993 in Immunopharmacol. Eosinophils ed. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
supra) . Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allergy Clin. Immunol. 85. 422). 
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L-Tryptophan-assoclated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et aL, 1 993 J Invest, Dermatol. 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et aL, 1993 supra) by activating eosinophils and other 
inflammatory cells. 

10 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et at., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-kB 

m 

Ribozymes that cleave ret A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as fipopotysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation Is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the relA gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to Its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 

■ 

in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-icB2 or nf-xB1 genes, respectively) are generated from the precursors 
NF-kB 1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the re! A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad. Sci 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-icB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with TaM to 
activate transcription of the HIV genome, while NF-xB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, GJ. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mof. Cell. Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (MJ. Lenardo, D. Baltimore, 
198Q CgU 58, 227-229) represents the sum of the activities of the rel family 
of ONA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
• outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oligonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 



WO 95/23225 



PCT/IB9S/001S6 



35 

been used to show that NF-kB is required for induction of a number of 
motecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et at, Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Moi. Cell. Biol . 13, 6137-46). 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al„ 1993 Moi. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al. r 
supra), and E-selectin (Read, et al. a 1994 J. Exp. Med. 179, 503-512) on 
endothelial ceils. 

10 •NF-kB is involved In the induction of the integral subunit, CD18, and 

other adhesive properties of leukocytes (Eck et a!., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

15 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et a!. t 1 994 J. Biol. 
Cfrem. 269, 6185-6192). Glucocorticoid receptor inhibits NF-icB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Nati Acad. Sri USA 91, 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id). 

Ribozymes of this invention block to some extent NF-xfl expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of re/4 mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5* to 3' in 
the tables.). While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19 * 22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against rel A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave refA target sequences in vitro is evaluated. 

The ribozymes wilt be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, IL-6 and IL-8 expression levels. Ribozymes wilt 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence. and/or by FACS 
20 analysis. He! A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
• on graft rejection will then be assessed. Similarly, ribozymes will be 

■ 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 

■ 

Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable antl-relA ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 
35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In ail cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves ret A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For Instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler, E.D. Alien, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It Is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an . anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to focal immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
" components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et at, 
supra, JC O'Brien, et at, J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 •Asthma* 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment 

•Gene Therapy. 

Immune responses, limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune* 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave rel A mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes In a number of the possible 
indications. Development of ah effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4; TNF-g 

Ribozymes that cleave the specific ches in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factors (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
1 0 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al. a 
1 985 Nature 31 6, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-G (Shakhov et at., 1990 

20 J. Exp. Med. 171,35-47). Both TNF-a and TNF-S bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et a!. t 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-celIs f lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosis Factor. Structure. 
Function, and Mechanism of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
. Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 Cell 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Ttacey & 
Cerami, 1992 Am. J. Trop. Med. Hyo. 47, 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression levef of TNF-a by targeting specified 
5 cleavage sites [Sioud et al. t 1992 J. Mol. Biol. 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB J. 4 f A 1860; 1991 
slide presentation (J. Leukocyte Bio|. sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
•Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] fisting various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells hi culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5* to 3* in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes fisted in Tables 24 and 26 (ff-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes fisted in 
Tables 27 and 28 (5•-CACGUUGUG-3 , ) can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences fisted in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
ONA vector or an adenovirus ONA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al„ 1992 
Circulation. 86, 1-473.; Nabel et aL, 1990 Science. 249, 1285-1288) and 
15 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-« RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
" 30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationlc lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCFL Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity Instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thiogfycoliate 
broth (Oifco, Detroit, Ml.) was injected i.p. into 6 week old female 
. C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize •spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 0 5 /well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipidzribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-cc in mouse macrophages: 

m 

Supematants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-a was done by a 

1 5 specific ELISA. EUSA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supematants, TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/Iipid treatment of macrophages and harvesting of 
supematants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4 f 5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc. Natl. Acad. Sci. USA 89, 9784-9788; Jacob, 1992 J. Autoimmun. 5 
(Supp. A), 133-143]. 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

10 200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interieukin-18 (IL-18), rinterferon (IFN-tf, interieukin-6 (IL- 

15 6), and interIeukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d aiso reach high levels (de 
Boer et aL, 1992 Immunopharmacoloay 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supra). In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of IL-1G, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1B, IL-6, IL-8, PgE2» acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 supra) , in animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

■ 

Rheumatoid Arthritis 

30 Rheumatoid arthritis (RA) is an autoimmune disease characterized by 

chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 

35 contain elevated levels of TNF-a, IL-1a and IL-1Q, IL-6, GM-CSF, and TGF- 
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6 (Abney et at, 1991 Jmm. Rev. 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
Inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1a/6 production by these 
cells to undetectable levels (Abney et a!., 1991 Supra) . Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint Addition of 
the anti-inflammatory cytokine, TGF-B, has no effect on cytokine secretion 
by RA cultures. Immunocytochemlcal studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/S t and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et at, 1992 Br. J. 
Rheumatology 31, 653-661), GM-CSF was shown to be produced mainly 
by vascular endothelium In these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint TNF-a has also been shown to 
increase osteoclast activity and bone resorption, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et at, 1992 Cfin. 
Exp. Immunoli 89, 244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, (L-1a/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et at, 
1992 Proc. Natl. Acad. ScL USA 89, 9784-9788). In addition, a study of RA 
patients who have received Lv. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 i 
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Clin. Invest. 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-rymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD47CD8" are also present B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-1B, IHra, IL-6, IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et al„ 1991 APMIS 99, 58-64). 

Nickoloff et a!., 1993 f J Dermatol Set. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-ct and IL-8. Keratinocyte IL-8 recruits 
imoiunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN^y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
15 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), UDEX 
25 (fluocinonide), OIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 

« 

This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF~ 
a and TNF-B levels, hypergammaglobulinemia, and lymphoma/ieukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carina, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and 1L-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra) . In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al. ( 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

3.0 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with, which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 vims production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et al. f 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et aL, 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

1 5 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Troo. Med. Hyo. 47, 2-7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderlca et al., 1992 Isr. J. Med. Sci. 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AiDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. CHn. Invest. 92, 1085-1092 (1993))* It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

15 vectors would lead to permanent gene transfer and expression in the joint 
However, permanent expression of a potent anti-inflammatory agent may 
. lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum comeum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et a!., 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 •Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: p210fc SEakl 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (i.e.. the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperley et aL, 1 988 Br J. Haematol 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abt oncogene from chromosome 9 to the tor gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 
• 30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cvtooenet. 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 
35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et ah, 1985 Nature 315, 758; 
Shtivelman et aL ( 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALU the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Sci. USA 86, 4259; 
5 Heisterkamp et al.. 1988 Nucleic Acids Res T 16,10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al. f 1990 Science 247, 
824; Heisterkamp et a!., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p2^0 bcr ' abl ) in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p210 bcr ~ Bbl expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et at., 1991 
Sciepce 253, 562). 

15 Reddy, U.S. Patent 5,246,921 {hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemlas, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et at., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML 
30 Cleavage of targeted mRNAs expressed in preneoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
vivo administration to reduce the tumor burden, or e % vivo treatment to 
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eradicate transformed celts from tissues such as bone marrow prior to 
reimplantation. 

« 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 42S nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3* portion of the abl mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The Invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenousiy 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et al.. 1992 supra) is an in vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex vivo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 



NUC 37658 



WO 9503225 PCMB95/0O1SS 



54 

replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210* >cr ~ a * > ' 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to ceils in culture and to tissues in animal 

■ 

models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
10 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5* to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

1 5 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (S'-GGCCGAAAGGCC-S 1 ) can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the fables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function in vivo by exogenous delivery to 

cells expressing bcr-abl Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from ON A vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p210 bcr ~ aW ^ protein and mRNA by 
more than 20% are identified. 

5 Eyampl? fr R3V 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunrts of 
1 5 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et ah, Churchill Livingstone, NY). 

i 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5* 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Bank et a/., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1 B, N, P, M, SH, G, F, 22K and L genes (Huang 
et a/., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B t which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
Is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et ah, 1987, Proc. 
Natl. Acad. Sci. USA 84. 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations' and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity ' United States, 1993, Mmwr Morb Mortal WWy Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam et aL, 1993, 
J, Infect Ois. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et aL, 
1 0 1992 J. Vet Med. Set. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et aL, 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

15 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990.. (eds. GJ. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ud., NY.). Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, RJ. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

9 

35 Jennings et a/., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra ). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art will find that it is clear from the examples described 

1 5 that other ribozymes that cleave these sites in RSV mRNAs encoding 1 C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding amis which 
are complementary to the sequences in Tables 31 1 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By 'consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

. 30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 



NUC 37663 



WO 95/23225 PCT/IB95/00156 



59 

While all ten RSV encoded proteins (1C f 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others* For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et a/., 1987 supra). RSV proteins 1C, 1B and N 
10 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3 1 in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 a/., 1987 J. Am. Chem. Soc, 109, 7845^7854 and in Scaringe et al. f 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5-end, and 
phosphoramidites at the 3-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et al. f 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
fles., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods EnzymoL 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2 -amino, ^-C-atlyl, 2*-flouro, 2-o-methyl, 2-H (for a 
review see Usman and Cedergren, 1992 77SS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
aims) is altered to affect activity. For example, stem-loop II sequence of 

10 hammerhead ribozymes listed In Tables 32 and 34(5'-GGCCGAAAGGCC- 
3 1 ) can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5 , -CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

* 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an EUSA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozvme ActivHv 

Ribozyme activity can be optimized as described by Draper et al., PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein ef a/. f International Publication No. 
WO 92/07065; Perrault et a/., 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et a/., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein-), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsuies, and 
bioadhesive microspheres. The RNA/vehicje combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et aL, 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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po! II promoter in a given ceil type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Acad. Sd. USA. 87, 6743-7; Gao 
and Huang 1993 Nucleic Acids Res .. 21, 2867-72; Ueber et al., 1993 
Methods Enzvmol .. 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol. 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 eta!., 1992 Antisense Res. Dev.. 2,3-15; Ojwang etal., 1992 Proc. Natl. 
Acad. Sci. USA. 89, 10802-6; Chen et al., 1992 Nucleic Adds Res„ 20. 
4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. USA. 90, 6340-4; UHuiflier 
et al., 1992 EMBO J. 1 1 , 441 1-8; Lisziewicz et al., 1993 Proc. Natl. Acad. 
Sd. U. S. A.. 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into, a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
ONA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. J. Biochem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 



NUC 37667 



W09S/2322S 



PCI7IB95/00156 



using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g.. multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in yltro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-a, p210 f bcr-abl or rsv related condition. Such RNA is detected 

15 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the •non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF~, p 2iobcr-abl or rsV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 



WO 95/23225 



* 



PCMB95AXU56 



64 

decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

IK Chemical Svnthesjs Of Rtbozymes 

5 There follows the chemical synthesis, deprotectfon, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkyisityl protecting 
groups on the 2-hydroxy! are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (/.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH3/BOH 

25 (ethanoiic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown In Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanofic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the atkyisilyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et al. Nucleic Acids Res. 
35 1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+ Li+ etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (se e Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amid'rte during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alky! group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 )2, amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 , 
amino, or SH. The term "aikyT also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain* branched-chain, and cyclic groups. 
Preferably, the aJkynyt group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
1 0 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =O f =S, NQ2 or 
N(CH3)2. amino or SH. 

Such alkyl groups may also Include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl' group refers to an 
aromatic group which has at least one ring having a conjugated n electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalentty joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R f where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester* refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using 5-S-alkyRetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH^OH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NHafEtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine*hydrogen fluoride (aHF^TEA) 
5 @ 65 °C for 0.5-1,5 h to remove the 2*-hydroxyl alkylsilyl protecting group 

(vs 8 • 24 h using TBAF, vide supra or TEA-3HF for 24 h (Gasparutto et at 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine*HF 
complexes may also be used, e.g. trimethylamine or dnsopropylethyiamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NA100®, Mono-Q®, Poros- 
es. 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidrtes; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2-hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2 , -groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et a!., PCT WQ93/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Oionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 

r 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C1 8 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jun, preferably 5 \im, 

Aotlyatlon 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman ef a/. J. Am. Chem. 
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Sac. 1987. 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramldite and 
couple with the polymer bound 5*-hydroxyl group for 10 m. Applicant has 
determined that using 0,25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure, 

: Example 7: Synthesis of RNA and Ribozymes Using 5-S-Alkvltetrazoles 

as Acting Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et ah, 1987 supra and in Scaringe et at., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityt at the 
5'-end, and phosphoramidttes at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABl) synthesizer 
using a modified 2.5 jimol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2*-0- 
methylated RNA. A 6.5-fold excess (162.5 (iL of 0.1 M = 32.5 iimol) of 

20 phosphoramldite and a 40-fold excess of S-ethyl tetrazole (400 jiL of 0.25 
M s 100 |imol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 1 6% N-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM fe, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABl) synthesizer using a 25 nmol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-0-methylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 \unof) of 
35 phosphoramldite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 junoi) relative to polymer-bound 5-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trltyl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 3902: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% AAMethyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM la, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Peproteptipn 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH40H/EtOH;3/1 (Usman etal J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NH3/EtOH (Scaringe ef at Nucleic Adds Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozvme Deprotection of Exocyclic Amino 
20 Protecting Groups Using Methylamine (MA) or NH^OH/Methylamine (AMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NhUOH/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mtxed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1 .0 mL 

30 of EtOH:MeCN:H 2 0/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2-hydroxyl alkylsilyi protecting group 
using TBAF for 8-24 h (Usman et al. J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA*HF in N- 
5 methylpyrroiidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: R NA and Rfbozvme Deprotection of 2 > - Hvdroxvl Alkvtsilyl 
Protecting Qrpup? Usjng Anhydrous TEA'HF 

To remove the alkylsilyi protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 (iL of 1.4 M anhydrous HF 
solution (1.5 mL W-methylpyrroIidine, 750 jtL TEA and 1.0 mL TEA«3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500* anion 
exchange cartridge (Qiagen Inc.) pre washed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyi deprotection. 

Example 10: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCICU). A gradient from 180-210 mM NaCI0 4 at a 
rate of 0.85 mM/void volume for a Phaimacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCIQ* at a rate of 1.7 mM/void volume for a 
Dionex NucIeoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at £80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desllylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast How 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono 16/10 column. A 
5 gradient from 10-165 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Row 

15 column. The column was thoroughly washed with 20 mM NH4CO3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CO3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH3CN, 
buffer A = 20 mM NH4CO 3 H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detrityiation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPacP column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme (vide supra). 

30 Example 11 Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and. the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 jxL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Altquots of 5 
pL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacryiamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2*-tiydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 fimol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2*-hydroxy! groups is 
then earned out in the same container for 90 min in a TEA»3HF reagent 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fio. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fio. 14. hammerhead ribozymes targeted to site B (from 
30 Fig. 13) are tested for their ability to cleave RNA. As shown in the figure 14. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Exam ple 12a:improved protoc ol for the synthesis of phosphorothtoate 
. containing RNA and rlboz ymes using 5-S-AlkvUetrazoles as Activating 

Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 £-benzodithiol-3- 
one 1,1-dioxide (Beaucage reagent; Vu and Hirschbein. 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). it has recently been shown that for sulfurization of ONA 
10 oligonucleotides, ■ Beaucage reagent is more efficient than TETD 
(Wyrzyklewicz and Ravlkumar, 1994 Bloorganlc Med. Ghem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothtoate 
oligonucleotides containing 2'-deoxy-2-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et aL, 1992 J. Med Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrity! at the 5'-end, and 
phosphoramidites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min watt steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al. ( 1990 
Tetrahedron Letter 31, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement Is the use of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min. 
Additionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1 ,2-benzodithiole-3-one 
30 1,1 -dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 pxno\ scale protocol with a reduced 5 min coupling step for 
35 atkytsilyl protected RNA and 2.5 min coupling step for 2'-0-methylated 
RNA. A 6.5-fold excess (162.5 jxL of 0.1 M = 32.5 jimo!) of phosphoramidite 

RECTIFIED SHEET (RULE 91) 
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and a 40-fold excess of S-ethyl tetrazole (400 jiL of 0.25 M = 100 fimol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer detrityiation solution was 2% 
TCA in methylene chloride; capping was performed with 16% /V-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water In THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PS/Total)1/n~1 

1 5 where, PS « integrated 31 P NMR values of the P=S diester 

Total = integration value of ail peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5* end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the syn thesis of 2^N-phtalimido-nncten<:iriA 
phpsphoramidite 

30 The 2-amino group of a 2 , -deoxy-2 , -amino nucleoside is normally 

protected with N-(9-flourenyImethoxycarbonyi) (Fmoc; Imazawa and 
Eckstein, 1979 suprai Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2*- 
aimino group of Z'-deoxy^-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2 f -deoxy-2'~ 
aminonucleoside (12) using transient protection with Markevich reagent 
(MarWewicz J. Chem. Res. 1979, S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Mefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 d imethoxytrytilation (16) and phosphityiation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3* hydroxyls. 

When 2'-deoxy-2'-amino-nuc!eo$ide was reacted with 1.05 
15 equivalents of Nefkens reagent in OMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and S'pO-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
1 5. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 iitfth cat KCN/MeOH. 

. A convenient "one-pot" procedure for the synthesis of key . 
intermediate 16 involves selective N-phthaioylation with subsequent 
d Imethoxytrytilation by DMTCI/B3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 1€ produced phosphoramidite 17 in 87% yield. One gram of 2*-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo o vernight- 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1;05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
C HCI3) and 57 |il of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 \i\ (1.5 eq.) of TEA was 
added followed by the addition of 1,53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq. r 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2'-deoxy-2-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing ^-deoxy^-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2 -amino positions were either 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2'-deoxy-2'-amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylstlyl group has been efficacious (Usman.N.; 
OgHvie,K.K.; Jiang.M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe,S.A.; Franklyn.C.; Usman.N. NucL Acids Res. 
1990, 1B t 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2 , -hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, ft has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe,S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski,J.; Stromberg.R.; Thetin.M.; Westman.E. 
Nucleic Acids Res. 1988 # 16, 92B5-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF^Ei^ very quickly. 

There follows a method for synthesis of RNA by protecting the 2 - 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyi (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
1 5 various positions by methods well known in the art, e.g., as described by 
Eckstein et a/., International Publication No. WO 92/07065, Perrault et a/., 
Nature 1990, 344, 565-568, Pieken et a/., Science 1991,253, 314-317, 
Usman.N.; Cedergren,R.J. Trends in Biochem. Sci. 1992, 17, 334-339, 
Usman et al M PCT W093/15187, and Sproat,B. European Patent 
20 Application 921 1 0298.4 . 

This invention also features a method for covalently linking a SEM 
group to the 2*-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF 3 «OEt2) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18. there is shown the method for solid phase 
synthesis of RNA. A 2\5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the ^-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19. there is shown the synthesis of 2-O-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5-protected 
nucleoside (1) is protected at the 2- or 3'-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2*- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derealization of a solid support 

Referring to Figure 20. a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramtdites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of ^-(Xftrimethylsilvnethoxvmethvn-y-O- Di- 
methoxvtrityl Uridine (2) 

Referring to Figure 19. S'-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethytellyl)ethoxymethyl chloride (SEM- 
Cl) (487 fiL, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Rash chromatography (30% 
hexanes jn ethyl acetate) yielded 347 mg (28.0%) of 2-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of ff-hydroxyl protected nucleoside 3. 

Example 15: Synthesis of 2 , -0((trimethvls»v nethoxvmethy1) Uridine f4) 

Nucleoside 2 was detritylated following standard methods, as shown 
in Figure 19. 



/ 
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Eram ple 16: Synthesis of 2'>C^ari metMstivnet ho)c^ethvh^5\3^(>Acetvt 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of S'^'-OAcetyl Uridine (61 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmo!) was dissolved In CH3CN (700 pi) and BF3»OEt2 (17.5 jtL, 0.14 
mmol) was added. The reaction was stirred 15m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH In CH2CI2) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of g-O-ff trimethvlsllvnflthoxvmethvtVa'.O. 
Succinvl-5'-Q- Dimethoxvtritvl Uridine (2) 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. . 

15 Example 19: Synthesis of g-CKftrimethvlsilyOethoxvmethvn-S'-O- Pi. 
methoxvtritvl Uridine ff-fg-Cvanoethvl N.AMiisonropvlnhnsp horamidttel 

Nucleoside 3 was phosphhylated following standard methods, as 
shown in Figure 19 . 

20 Example 20: Synthesis of RNA Usino 2'- Q-SEM Protection . 

• « 

Referring to Figure 18. the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and In Scaringe,SA; FranWyn.C; Usman.N. NucL Adds Res. 

25 1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 \imo\ 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 jiL of 
0.1 M a 32.5 iimol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 jiL of 0.5 M = 200 jimof) relative to polymer-bound 5-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by coiorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% Af- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM fe, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. } 

, 5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EIOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3*OEt2 
(2.5 fiL, 30 nmol) was added to the solution and aliquots were removed at 
1 0 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI, Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5* ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in \ritro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow production of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3* and 5' ends of each therapeutic, trans- 
acting or desired ribozyme Instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. ■ 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et al M PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
1 5 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein* 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 

5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site In the center of a self- 

10 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 

RNA sites, or can be isolated for later use or analysis. 

« 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecufar cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3* side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 

5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60-100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector Is chosen from a ptasmid, 

1 0 cosmid, phagmid, vims, vfroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector; and a restriction endonuclease she 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nudeic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 

■ 

20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 

25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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vims (HDV) ribozyme motifs consist of smalt, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in* this invention are 
significantly more active than those reported by Taira at al., 1990 supra: 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozvme 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby Incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished iri the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2;-0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

* • 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5* cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that It is in a stem structure recognized by 
1 0 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonudease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picomavtruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design qf self-Rfpcgssing capites 

30 In a preferred embodiment, applicant compared the in vitro and in 

vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
(Fioure 23-251 For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

10 A sequence predicted to form a stable stem-loop structure Is included 

at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milfigan & Uhlenbeck, 1989 Methods 
Enzymol. 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et aU, 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 

15 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(S'-CUGGAGUS^GACCUUC-S'). The 5' binding arm of the ribozyme, 5 1 - 

25 GAAGGUC-3', and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5 4 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans* 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3* binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5-ACUCCA(4/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 suprq . As shown in 
Figure 23, the 3* binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3* binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et aL, 
1 0 1 990 supra) which remain on the 3* end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) ', A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a G-U wobble base pair in helix 2 (A52G substitution; 
Figure 24) . This slight destabiiization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al. t 1992 Genes & Dev. 6, 129; 
Chowrira et aL, 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV setf-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3' end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al. v 1992 (Biochemistry 31, 
1 1843) in which cis-cieavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25). 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fia. 26) . The single- 
strand portions of annealed oligonucleotides were converted to double- 
10 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into EcoR f/H/ndlU-digested pud 8 and transformed into E. coli strain DH5cc 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 
carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra: 
Chowrira & Burke, 1991 Supra) . In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 \iC\ [y 32 P]GTP t 200 jiM each NTP and 0.5 to 1 jig of 

25 linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y- 3 2p]Qjp \ 0 generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg 2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Ha. 26V Th© resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3 1 end (H/ndlll-digested template), 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence (Heal digested template). 

As shown in Figure 27. all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

1 0 essential for hammerhead ribozyme activity (Ruf fner et al. t 1 990 supra) 
have been changed in the HH(mutant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fia 27) . This is 
evidenced by the lack of a released 5* RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (Fio. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vftro x especially with respect to the 
presence of downstream sequence. For the two HP constructs, It Is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly), into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
. sequence seems to most affect the efficiency of HDV. When no extra 
. sequence Is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

tf/ndl It-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM Tris-HCI pH 8.3; 1 mM 
ATP f GTP and UTP; 50 jiM CTP; 40 jiCi {a-32p]CTP; 12 mM MgCfe 10 mM 
5 DTT. The transcription/seif-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/jtO. Aliquotsf of 5 pi were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamlde sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares Fits 
(KaleidaGraph, Synergy Software, Reeding, PA) of the data to the equation: 

(Fraction Uncieaved Transcript) = jj (1 -e^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. NatL Acad. Scl USA 
91.6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (see Figure 23-25) . By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et aL, 1990 supra; Chowrira & 
Burke, 1991 supra) . The rate of HH self-cleavage during transcription 
measured here (1.2 mln**) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et ah, 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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FyamplQ 24: Effect of downstream sequences on trans-cle avaoe in vitro 

Transcripts containing the trans ribozyme with or without 3 1 flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
1 0 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts In a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
1 5 cleavage reactions, a 622 nt region (containing hammerhead she P) was 
synthesized by PCR using primers that place the 17 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra) . The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \i\ 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1jiM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCfe) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 pi were taken at regular time intervals, 
30 . quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale, 
CA). 

35 The HH trans-acting ribozyme cleaves the target RNA approximately 

10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3* target-binding ami of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3* target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole- Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA seif-processina in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell Tine (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Steln and Moss, 1990 
Proc T Nat|, Acad. Sci, USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-weII plates with - 5x10 s cells/well 
Cells were transacted with circular plasmids (5 jig/well) using the calcium 
' phosphate r DNA precipitation method (Maniatis et al., 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 pJ/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate {pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal. Biochern. 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chlorofomv.isoamyt alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and repreclpttated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 fig/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2 *, and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/jxI; BRL) in a buffer containing 50 
mM TrisHCI pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfc; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacryiamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-y; HDV primer, 5- 

15 AAGTAGCCCAGGTCGG ACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3'. 

As shown in Figure 29. specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of GST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%* The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 " In Vitro +MgCl2' vs. "Cellular). 

25 Consistent with the in vhro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the fulWength RNA 
with no detectable cleavage products (Figure 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3* cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis. RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. E0TA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divafent metal ions are therefore unavailable to self-processing 
RNAs following eel) lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cis-acting rlbozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing Is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer ^ 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg 2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2 + required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The fulHength precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29. in vitro *-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29. in vitro ■+MgCl2 < ' 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art 

10 In addition, those in the ait will recognize that Applicant provides 
guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

iV. Ribozymes Expressed by RNA Polymerase 111 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III). based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 

■ 

bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3 1 region (at least 8 bases) and complementary 
nucleotides in the 5 1 terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol ill gene 

unit, a number of other pol IN promoter systems can also be used, for 
example, tRNA (Hall et al„ 1982 Ce//29, 3-5), 5S RNA (Nielsen et aL, 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413). U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et aL 9 1993 J. 
BioL Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
a significantly higher level than other constructs, even those in which 5* 
and 3* ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 
and antisense protocols as well as for ribozyme formation, in addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5 f terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 
accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (e.g.. a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g.. a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol HI promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5* terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus' is meant the terminal bases of an RNA molecule, ending 
'30 in a 3* hydroxy! or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5' or 3* from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
. a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3* region" is meant a stretch of bases 3* from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3* region can be 
designed to include the 3' terminus. The 3' region therefore is £ 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Fig. 40) the 3 a region is one nucleotide 
from the 3' terminus. In another example, the 3' region is - 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art Generally, it is preferred to have the 
3' region within 100 bases of the 3' terminus. 

By "tRNA molecule* Is meant a type 2 pol III driven RNA molecule that 
15 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

m 

25 might contain an intramolecular base-paired structure between the 3* 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By *antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA Interactions and 
alters the activity of the target RNA (Eguchi et al„ 1991 Annu. Rev. 

10 Biochem. 60, 631 -652). By "enzymatic RNA* is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J American. Med. Assoc. 260, 3030* 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing It from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et al., 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et a!., 1992 Proa Natl. Acad ScL USA 89. 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3 f 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pains. 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 
includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5* 
terminus of the RNA and a complementary 3* region within the same RNA, 
and includes at least 8 bases; and the 5 f terminus is able to base pair with 
' at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; ONA 
vector encoding the RNA molecule of claim 51 . . 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pot III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation Is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res, & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.W.A.S.(USA) 90, 6340- 

15 6344). However, pol 111 based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping* functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from. a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in th$ entire treated cell population, regardless of the 
integration site. 
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The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj m ©t gene and 
termed A3-5 (Fig. 33: Adeniyi-Jones et aL, 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et at., 1990 MoL Cell. Biol 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al. t 1990 MoL Cell Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and antl-HIV decoy RNAs (Sullenger et aL, 1990 MoL Ceil. 

10 BioL 10, 6512-6523; Sullenger et aL, 1990 Cell 63, 601*608; Sullenger et 
aL, 1991 J. Virol. 65, 6811-6816; Lee et aL, 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

1 5 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fig. 34) . On average, 

20 ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fig. 34) . One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to. complementary 
nucleotides at the 5' terminus, which includes the 5* precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
10 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAj met gene, termed A3-5 (Fig. 33: 

Aden fyi- Jones et al., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported! Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj met sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al, 1990 supra). 

Bas9-P?jred Struptures 

♦ 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as "A3-5/HHI") into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Rg. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fio. 34) 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript (Roure 34V . The second strategy involved modification of the 3 1 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3' end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj met domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34) . These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nana 
& Fischinger, 1988 supra) cell lines were established {Curr. Protocols Mol 

15 Biol 1992, ed. Ausubel et al M Wiley & Sons, NY)- The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 4(M7. 

* 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures -50 and 51 . 

* 

Example 26: Clonino of A3-S-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5" CGCGTCAAAAACAGAACAGCAGAGTG 3*). The oligonucleotides 
(10 nM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCfe, 50 mM NaCI, 0,5 
mM each of the four deoxyribopucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamHl and MM) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3~5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCt2, 10 mM DTT, 0.066 |iM 
ATP and 0.1U/|il T4 DNA tigase (US Biochemicals). 

Competent E. coll bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The ceils were plated on LB agar plates and incubated at 
37°Cfor~18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al. v Curr. Protocols Mot. 
20 Biology 1 990. Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

* 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sactt and BanM restriction sites. 

Exam p le 27; Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Moi Bhl 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed <Rg. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 35.36) . The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 ceil line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell, 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 In Ra. 35.36). The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fio. 35.36) . 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 1 00-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Rg. 35.36) . This may be due to increased stability of the S35 transcript, 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHl cleavage 
site (Roure 37) . Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

* 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Cum Protocols MoL Biol 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured fRaure 38 and 39) . 

30 Ail the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 1 1 ,000 molecules per cell in clone H (Fio. 
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38) , The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of celts in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 

■ 

still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of 6418) to determine 

1 5 if ribozyme expression was stable over extended periods of time. This 
situation mlmicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52) . A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54. a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig. 55) . Applicant has shown that efficient 
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expression of those TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences fisted In Figures 40-47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
. (mutations, insertions and deletions) of the above examples can be readily 
1 0 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56), The human T cell lines MT2 and OEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
sletctable marker and a ribozyme (S35/HHI) expressed from pol III met] 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectively expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human met,- tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93723569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Lioated Ribozvmes are catatvticalfv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et at., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Fio. 58) or long (622 nt) RNA (Rq. 59. 60 and 61) .. 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scarf nge et ah, 1990 Nucleic Acids Res. 
18, 5433-5441). Substrate RNA was 5* end-labeled using fr- 32 P] ATP and 
polynucleotide kinase (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et aL, 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat^M*. Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 mfn 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCfe. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 |xl were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Curr. Protocols Mol. Biol. 1992. ed. Ausubel et aL, Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering t o Ro. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra) . RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PGR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a-32p] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DN A template used in the transcription. RNA was precipitated 
with isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcat^M) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 

■ 

1 0 mM MgCl2- The RNAs were renatured by cooling to 37°C for 1 0-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 jil were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozymes with £ 2 base-paired stem [I are 
catafytipally aptjve 

m 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (£ 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et ah . 1990 supra). 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures t 
62. 63 and 64. data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with £ 2 base-paired stem II region 
are catalytically active. 

' 30 Example 35: Synthesis of catalytically active hairpin ribozym Ag 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fiq. 65 for both the 5' and 3' fragments. The 3 1 
fragments are phosphorylated and ligated to the 5* fragment essentially as 
described in example 37. As is evident from the Figure 65. the 3' and 5* 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate, a 
ribozyme*substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5* 
5 end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tris/HCI pH 7.5, 10 mM MgCfc and shown to cleave the substrate 
efficiently (H3-S6)- 

The target and the ribozyme sequences shown In Fig. 62 and 65 are 
10 meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known In the art. 

V„ Constructs of Hairpin Ribozymes 

There follows an improved trans-cleaving hairpin ribozyme in which a 
15 new helix [I.e., a sequence able to form a double-stranded region with 
another single-stranded nucleic acid) Is provided In the ribozyme to base- 
pair with a 5' region of a separate substrate nucleic add. This helix Is 
provided at the 3' end of the ribozyme after helix 3 as shown in Figure 3. In 
addition, at least two extra bases may be provided in helix 2 and a portion 
20 of the substrate corresponding to helix 2 may be either directly linked to the 
5* portion able to hydrogen bond to the 3' end of the hairpin or may have a 
linker of atleast one base. By trans-cleaving is meant that the ribozyme is 
able to act in trans to cleave another RNA molecule which Is not covalently 
linked to the ribozyme itself. Thus, the ribozyme is not able to act on itself 
25 in an intramolecular cleavage reaction. 

By "base-pair" is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
30 helix 5) has several advantages. These include Improved stability of the 
ribozyme-target complex in vivo . In addition, an increase in the 
recognition sequence of the hairpin ribozyme improves the specificity of the 
ribozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RUtfft) 
ISA/EP 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-tigation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu etal., 1993 Nudeic Acids Res, 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation (in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

15 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

■ 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72» HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with S'-Oalfol Group 

The introduction of an alkyl group at the S'-poshion of a nucleoside or 
nucleotide sugar introduces an additional center of chiraPrty into the sugar 
moiety. Referring to Fig. 75. the general structures of 5 -C-alkylnucleotides 
30 belonging to the D-allose,.2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-aliose and L-talose 
(Ri = CH3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of S'-C-alkylnucieotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, 5'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the S'-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, i( a 5-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features S'-Oalkylnucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an* 
alkyl moiety. In a related aspect, the invention also features 5*-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75. where each Rj group is any alkyL These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxy!, cyano, alkoxy, 
=0, =S, NO2 or N(CH3>2, amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxy!, cyano, alkoxy, 

20 =0, =S, NO2. halogen. N(CH 3 )2. amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =O f =S, NO2 or N(CH3)2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated u electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxy!, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imldazolyl and the like, all optionally 
substituted. An "amide' refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An 'ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5- C-a Iky [nucleotides; e.g. 
enzymatic nucleic acids having a 5-C-alkylnucIeotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its S'-posrtion an alkyl 
group. In other related aspects, the invention features S'-C-alkylnucleotide 
triphosphates. These triphosphates can be used In standard protocols to 
form useful oligonucleotides of this invention. 

The S'-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. . 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to pioure 1. the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3-direction of the catalytic core is CUGANGAG[base paired 
wfthJCGAAA. In this invention, the use of 5-C-aIkyl substituted nucleotides 
10 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Fi gure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5 -C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Ribozymes Containing S'-OAikyt- 
pupleotides & Qther Modified Nuc|eoWg$ 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; 
20 Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.S A.; Frankiyn,C; Usman,N. Nucleic Adds Res. 1990, 18, 5433r 
5441 and makes use of common nucleic acid protecting and coupling 

■ 

groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5'-C-alkyl substituted 
25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic adds, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl>2.3-(>lsoDroDyli dine-6-Deo)cy-B-D-a»ofuran ogtri ft fd) 

30 A suspension of L-rhamnose (100 g, 0.55 mo!}, CUSO4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g # 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 1 6 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and. after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 ?00 mL), water (2 x 300 mL), sat. NaHCOs (2 x 300 mL), brine (2 x 300 
mL), dried over MgSC>4 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Meth^-2■3-alsopropvfidine-5-O^^Butv^d^phe^y ls;ly^^ 
DeoxY-ft-D-AI1ofuranoslde (5V 

To solution of methydfuranoside 4 (12.5 g 62.2 mmol) and AgNOs 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyidiphenylsllyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS04 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-Q>^Butvldiph8nvlsilyl >6-Deoxy>p>n-AliofuranQsid^ 
(6). 

m 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF3COOH:dioxane:H20 / 2:1 :1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH4OH (140 mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with saL NaHC03 (2 x 75 mL) ( brine (2 x 75 mL), 

30 dried over MgSC>4 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH2CI2. Yield 
9.0 g (76%). 
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Sample 41: Methvl-2^i-0-Benzovl^af-ButvidiDh6nvlsiM^DeQw^ 
fyAHofuranoside (71. 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 

5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 1 6 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat NaHCOs (2 x 75 mL), brine (2 x 75 mL) dried over MgS04 
and evaporated to dryness. The product was purified by flash 

1 0 chromatography In CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-aAcetvl^■3Kii-0-benzov^^(>^Butv^diphenylsily^f^ 
Deoxv-B-o-AHofuranose 181 

m 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0°C. 98% H2SO4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat 
NaHCO$ and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0*5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: ^f2^3 > *di^Benzovl*5 < ^a^ButvldiohenvtsiM-6^ Deoxy^D> 
Allofuranosvl)uracil (91. 

* 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF3S0 3 SiMe3 (2.8 g # 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat NaHCOs (2 x 50 mL), brine (2 x 50 mL) 
dried over MgS04. and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 
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Exam ple 44: A^ BenzovM-(2\3iPi-Q-B^ 
nftoy y-p^D-AtlofuranosyftCvtosine (10). 

W*-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (SO mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF3S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h a cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH 2 CI 2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgSCX* and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: A^-Benzo^-f^ff-di-P-Ben 
Deoxy-ft-D-Allofuranosytyadenine (11). 

A^-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
N coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CF3S03SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 1 1 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

Example 46: ^lsobutwl-9-f2^3 , ^^0• Be^zovl>5 , >(>^Butvldipheny ^silYU 
30 e^Depxy-g-p-AllPfMr^no^yOquanipe (12), 

A/2-lsobutyrylguanine (1 .47 g , 1 1 2. mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (100 mL) followed 
by CF3S03SIMe3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat NaH0O3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgSC>4 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1g (54%). 

Example 47: A^ Benzoyl>9-f2\3 t ^O>ben zovl-tf>Deoxv-B-t>Allofuranty. 
?yf)3tepln<? (1S), 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 
a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 to yield 1 .0 g 
(85%) of compound 15. 

15 Example 48: Ag-Benzovl-9-f2\3 > -dl-C^B enzovl-5^D-DimethQXvtrityl^ 
Peoyy T p-p-Allofuranosyi)-adgpjne (19), 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgN03 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH2CI2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: Ag-Benzovl-9^-5^0-Dimeth Q xytrit v1^Deow-[Wn>Allf^ 
25 furanosyftadenine (22). 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
. was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: A/kBenzovl-9-^<>Oimethox>rtri^ ^^^ 
tr-Deoxv-8--(>Allofuranosyl)adenine (271 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN03 (0.4 g f 2.3 mmol) were added. After 
5 the AgN03 dissolved (1 .5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL) t filtered into sat. 
NaHCC>3 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient 
Yield: 0.7 g (50%). 

Example 51: A£-Benzovt-9^-5iaDimethoxrt^ 
S'-Deoxy-p-D-Allofuranosy^adenine-y^-Cvanoethvi A/.A/-diisoprop yl- 
phQSPhprqmjdjtQ) (31), 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman,N. Nucielc Acids Res. 1990, 18 t 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methyl-5»a/>Nitrobenzov]-2.3- 0-lsopropvtidine-6-deoxv-p-L- 
Tallofuranoside (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHC(>3 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
* Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talpfuranoside 34 which was converted to phosphoramidctes 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-tsomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37 6 C in the presence of 10 mM MgCl2 as 
described above. 

■ 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10, C11.1 and C11.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05), HH-0 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity, Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2*-DeoxY-2'-Aflcvlnuclaotida 

This invention uses 2'*deoxy-2'*alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, ^-deoxy-^-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded 'catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript 

* 

Also within the invention are 2'-deoxy-2*-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-aIkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
10 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2 l -deoxy-2 l - 
alkylnucleotides, that is a nucleotide base having at the 2'-posttion on the 
sugar molecule an alky! moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic iacids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81. where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkyInucleotides 
25 (preferably not a 2-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2-aIkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at Its 2-position an alkyl group. In other 

« 

30 ' related aspects, the invention features ^-deoxy-^-alkylnucieotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
1 0 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 
numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3'-direction of the catalytic core is CUGANGAGfbase paired 
withjCGAAA. In this invention, the use of 2-C-alkyI substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2-O-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et ai Biochemistry 1992, 31, 
5005-5009 and Paolella et al. , EMBO J. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all ^-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 



NUC 37729 



WO 95/23225 PCT/IB 95/00 156 

125 

serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2'-substitutions on stability and 
activity, a ratio B was calculated (Table 45). This 8 value indicated that all 
modified ribozymes tested had significant, >100 • >1700 fold, increases in 
5 overall stability and activity. These increases in 6 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect 

More general substitutions of the 2'«modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a genera] 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-Oalkyf substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribozvmes Containing 2'-Deoxv- 
g'-AIMnudeoWes & Other g'-Modifted Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogflvte t K.K.; Jiang,M.-Y.; 
Cedergren,R.J. J. Am. Chem. Soc. 1987, 109 9 7845-7854 and in 
Scaringe.S.A.; Franklyn.C; Usman v N. Nucleic Acids Res. 1990, 18 t 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 
3-end (compounds 10, 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'~modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al. International Publication No. WO 92/07065; and 5 Kois et at. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2-aflcyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified 5*-end labeled RNA substrates (15-25-mers) and purified 5- 
5 end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgC! 2 . Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1 , 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmo! of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0 r 15, 30, 45, 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acryiamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3\5 , -Q-nretraisoDroDvl-disiloxa ne-1.3-divn-2 < -0-Ph9noxyth?o- 
carbopyl-Uridine (7) 

To a stirred solution of 3\5'-0-(tetrafsopropyl-disiloxane-1 ,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 



NUC 37731 



WO 95/23225 



PCT/IB9S/00156 



127 



Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrite was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc:hexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

i 

10 Example 57: y.g-O-fTetraisopropvl^disiloxane-I.S^diyh-g^g-Allvl -Uridine 
IS) 

To a refluxing, under argon, solution of 3*,5-0-(tetraisopropyl- 
disiloxane-I.S-diylJ^-Ophenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltia (12.3 mL, 40.15 mmol) In dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: S'-O-Pimethoxvtritvt^'^AIIvl-Uridine f91 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chlorofonn:methanoI / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Exam ple 59: S^O-Dim ethoxvtritvl^^C-Anvmridin e 3^2-Cvanoethyt N 
diisopropvlphosohoramidite) (10) 

S'-O-Dimethoxytrityl-^-C-allyl-uridine (0.64 g, 1.12 mrnol) was 
dissolved in diy dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl /V,AMfisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then Ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethyiamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3\5 > -0-n-etraisoDroDVl<lisiloxane-1.3-d»^^g^^Hy|-A4> 
Acetyl-CytMtn^ (11) 

15 Triethyiamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonrtrile. To 
the resulting suspension a solution of 3',5'-0-(tetraisopropyl-disiloxane- 
1 ,3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was- removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroforrmmethanol / 
9:1) showed complete conversion of the starting material. The solution was 
. evaporated, dried by coevaporation with anhydrous pyridine and 
• acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 ovemighL The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 



r 
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Sample 61: S'-qDimethoxvtritvt^-C-AfM-^Acetvf-Cvtidine 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Exam ple 62: S ^O-Dimethoxx rtriM-g^^ 3'-f2- 
5 Cyanoethyl AlA^KSOoroovtohosphoramiditel (121 

. 2 , -0-Dimethoxytrftyl-2 t -^ (0.8 g, 1.31 mmol) 

was dissolved in dry dichioromethane under argon. /V,/V-Diisopropylethyl- 
amine (0.46 mL f 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyt Af,Afcfflsoprt>pylchlorophosphoramidite (0.3S mL, 1.7 mmoi) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated In vacuo (40 °C) and purified by flash 
chromatography on silica gel using chloroformrethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluenL Yield: 0.91 g (85%), white foam. 

Example 63: 2'-Deoxy-2MUethvlene-Uridine 

2-Deoxy-2 , HTiethylene-3\5-0-(tetraisopropyldisiloxane-1 i 3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins,M. J. Tetrahedron 1984, 4(7, 125 
• and Matsuda,A.; TakenuW.K.; Tanaka,S.; SasakiJ.; Ueda,T. J. Med Chem. 
20 1991, 34, 812) (2.2 g f 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated Jn vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. ^-Deoxy^-methytene-uridine (1.0 g, 3.3 mmoi, 72.5%) 
was eluted with 20% MeOH in CH2CI2. * 

25 Example 64: 5^DMT-2iPeoxv-2^Methvlen e-Uridtne (15) 

2'-Deoxy-2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solutioa of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%), 
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gyample 65: SiQ- OMT^'-Deoxy-^Methylene-Uridine 3' -(2-CyaHoethyl 
A/ AMiisooroDvlDhosphoramidite) (17) 

l-^-Deoxy^'-methylene-S'-O-dimethoxytri^^ 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropyiethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyt N, W-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
10 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
aseluant Rt 0.42 (CH2CI2: MeOH / 15:1) 

Example 66: 2 , -Deoxy-2 t -Difluoromethylene-3 , .5 > -(>rretraisopropyidistlox- 
ane-1 .3-divn-Uridine 

15 ^'-Keto-S'^-O-ftetraisopropyldisiloxane-l^-diyOuridine 14 (1.92 g, 
12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
digtyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-^-difluoromethylene-^S'-O-ftetraisop 
undine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-Peoxv-2 , -Oifluoromethyte ne-Uridine 

25 2 , -Deoxy-2'-methylene-3 , l 5 , -0-(tetraisopropyldisiloxane-1,3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
^-Deoxy-^-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH2CI2. 

Example 68: ff-gpyvnT^'-Deoxv^-Difluorome thvlene^Uridine Mfi) 

^-Deoxy-^-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCC>3 t water and brine. The 
organic extracts were dried over MgSCXi, concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 

yield S'-O-DMT-^-deoxy-^-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S^O-DMT^Deoxv^^Difluoromethyi ene-UridinQ 
Cvanoethvl AlAldiisopropvlphosphoramiditel 118) 

1 0 1 -(2M}eoxy-2^fifluoromethylene-5'-OKfim 

syl)-uracil (0.577 g, 1 mmol) dissolved In dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Dilsopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyf A/,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1 .4 mmol). The reaction mixture 
was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethyiamine, as eluant. Rf 
0.48 (CH 2 CI 2 : MeOH / 15:1). 

Example 70: 2 , -Deoxv-2 , -Methylene-3'.5 , -OrretraisoDropvldisiloxane>1.3- 
0lyl)-4-A/-AcetV l-C ytidine 2Q 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2 , -deoxy-2 , -methylene-3\5 -0-(tetraisopropyldi- 
siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) In acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
organic extracts were dried over Na2SC>4 concentrated in vacuo, dissolved 
30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat 
NaHC03 (5 mL). The mixture was concentrated in vacuo, dissolved in 
35 CH2CI2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. ^-Deoxy^'-methylene-y.S -O- 
(tetraisopropyIdisiloxane-1,3-diyI)-4-W-acetyl-cytidine 20 (1.3 g, 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: I^^Deoxv^ '-Methvlene-S^O-Dimethox vtritvU^^nl^ 
fnranosv<^-4-A/-Ac etvt>Ovtosine 21 

2 , -Deqxy-2-methylene-3\5 , -OKtetraisoproptf 
acetyi-cytidine 20 (1.3 g f 2J5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2-Deoxy-2 , -methylene-4-N-acetyt-cytidine (0.56 g, 1.99 mmol, 
80%) was ehrted with 10% MeOH in CH 2 CI 2 . 2M)eoxy-2^methyIene-4-W- 
acetyi-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

1 5 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat NaH0O3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgSCU, concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g. 1.5 mmol, 75%). 

Example 72: W2^Deoxv-2^Methvlen^5^0>Dimetho)Mritvl>fi>D-ribo> 
furanosvn-4-/V-AcetYl-Cvtosine 3W2-Cvanoethyl-A/.Aldnsopropvlphosphor- 
amidjte) (22) 

25 1 -(^-Deoxy^-methylene-S-O^imethoxytri^ 

acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar, Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
/V f W-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 
- 30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant Rf 0.36 (CHgCfcMeOH / 20:1 ). 
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Eyampte 73: 2 , -DeoxY>2 , ^ifiuoromethvlen^3^5 > -a^^et^a^soD^ODVl 
disiioxane-l ^divn^AA-Acetvt-Cvtidine (241 

Et3N (6,9 mL, 50 mmo!) was added to a solution of POCI3 (0.94 mL, 
10 mmo!) and 1,2,4-triazole (3.1 g, 45 mmol) in acetonftrile (20 mL) at 0 °C. 
5 A solution of 2'-deoxy-2'-dif luoromethylene-y^'-O-ttetraisopropyldisilox- 
ane«1 f 3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 

> 

12 h and concentrated In vacuo. The residue was azeot roped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat 

15 NaHCC>3 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 > -Deoxy-2'-difluoromethylene- 
3\5'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-4-M-acetyt-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was elated with 20% EtOAc in hexanes. 

Example 74: 1-f2 , >Deoxy-2 , >Difiuoromethvlene-5 , -0>Dimethoxytrityl-p-l> 
ribofuranosyl)-4-AAAcety1"Cytosine (25) 

2 , -Deoxy-2'<lifluoromethylene-3\5 , -0-(te^ 
diyQ-4-A^acetyl-cytidine 24 {22 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2 , -Deoxy-2 , -drfluoromethylene-4-W-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH 2 CI 2 . 2'-Deoxy-2'- 
difluoromethylene-4-M-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCC>3 (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS04, concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: 1-f2'-Deow-2'-Difluoromethvten e-5 , -Q^^ 
ribofuranosvlM-A/-Acetylcytosine 3W2-cvanoethYl-N.N-dnsopropYlphos- 
5 phoramidite) (261 

l-^MDeoxy^-dcfluoromethylene-S'-OKfimethoxyW^ 
syl)-4-W-acetylcytosine 25 (0.6 g f 0.97 mmol) dissolved In dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethyfamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl /V # AkJrtsopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g t 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. Rf 0.48 (CHaCferMeOH / 20:1 ). 

Example 76: 2 > -Keto-3 , .S > -0-rretraisoproDvldisil oxane>1 3-divn-6-AM4-fc 

Putylben^oyD-AfenosinQ (2P) 

Acetic anhydride (4.6 mL) was added to a solution of S'.S-O-ftetraiso- 
propyldisiloxane-1,3-diyl)-6-N-(4-f-butylbenzoyl)-adenosine (Brown.J.; 

20 Christodolou, C; Jones.S.; ModakA; Reese.C; Sibanda,S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2Mceto-3\5'-0-(tetraisopropyldisiloxane-1,^^ 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: 2^Deoxv>2 , ^ethvlene-3 \5 t -Q-nretraisopropvldisiloyan^-; ,3- 
divn-6-Al(4-fcButvlbenzovllAdenostne (29) 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1 .2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2 $ -keto- 
3\5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A^(4-^utylben2oyl)-adenosine 
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28 (4,87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT t stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL), 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (NaaSO^, the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether.EtOAc / 7:3 afforded pure 2'-deoxy-2 , -methylene-3\5 , -0-(tetralso- 
10 propyldislloxane-1 f 3-diyO-6-AK4-M>utylben2oyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). \ 

Example 78: 2 -Deoxy^Methylene-^A/^f-ButvlbenzovlVAdenosine 

2 , -Deoxy-2 , -methylene-3\5 , -0-(te^ 
(4-/-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
1 5 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated In 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2-Deoxy-2 , -methylene-6-Af-(4-i L 
butytbenzoyty-adenosine (1.6 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH2CI2. 

20 Example 79: 5 , -Q-OMT-2 , -Deoxv-2 , -Methylene-6-A^f4-f-Butvlbenzoyl)- 
Adenosine (29) 

2*-Deoxy-2 , -methylene-6«/V-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL) was added dropwise over 15 m. 
25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat NaHC03, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 
• 30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: S^Q-DMT^^Deoxv-y^ethvlenerS- ^f^^BuMbenyoy l )- 
Adenosine 3'-f2-Cvanoethvl A/./^diisoproovlphosphoramtdite) f ?j) 

l-^'-Deoxy-^^ethylene-S'-C^dimethox^ 
(4-f-butylbenzoyI)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). Rf 0.45 
(CH 2 CI 2 :MeOH/20:1) 

Example 81: 2 , >Deoxv«2 , -DifluoromethvlenQ-y.5'>0--rretrai soDroDvldistlox- 

10 ?ng*1.3*diyt)*^Af"(4^PMtylt>Qn?;pyn-Adgnp?lnQ 

2M<eto-3\5M3-(tetraisopropyIdlsiloxane-1 ,3«diyl)-6-A>-(4-f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL) f and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 

15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2 % - 
Deoxy^'-difluoromethylene^S'-CHtetra^ 

20 (4-f-butylbenzoy!)-adenosine (4.1g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: 2 , -Deoxv-2 , -Difluoromethvlene^A^r4-NButvlbenzoylV 

Adenosine 

2 , -Deoxy-2 , ^ifluoromethylene-3 , l 5 , -0-(tetraisopropyldisiloxane-1 f 3- 
25 diyO-6-W-(4-H)UtylbenzoyO-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2'-Deoxy-2'-difluoromethyl- 
. ene-6-/V-(4-f-buty!benzoyl)-adenosine (2.3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: S^C^OMT^^eoxv^^DifluoromethvlenQ^/^^/^Butyl- 
bqn2;pY|VAflenosine (30) 

2 , -Deoxy-2 , -difluoromethylene-6-A/-{4^butylbenzoyl).adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with saL NaH(X>3, water and brine, the 
5 organic extracts were dried over MgSO^ concentrated in vacuo and 
purified over a silica gel column using 50% EtOAcrhexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: y^DI^^Deoxv^^ Difluoromethviene^A^f^^But^ 

benz;pyD-Adenosine ff-(2-CyanpQthyf /V./^dl'?opfopYtpho$phor^mM}te) 
10 1321 

H^-Deoxy^'Klifluoromethylene-S-O^ 
syl)-6-/V-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved In diy 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl W,W-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85: 2 , -Deoxy>2'-Methoxycari3onvlm9thvlidine-3 > .5 , -0"(Tetraiso- 
propy|djsl|oxane-1 ,3-djyl)-Uridin9 (3?) 

Methyl(triphenyiphosphoranylidine)acetate (5.4 g,. 16 mmol) was 
25 added to a solution of 24ceto-3\5'-0-(tetraisopropyl dislloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCL The organic layer was 
washed with H2O (20 mL), 5% aq. NaHCOa (20 mL), H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether.EtOAc / 7:3 afforded pure 2 , -deoxy-2- 
methoxycarbonylmethylidine-3\5 , -O-(tetraisopropyldisiloxane-1,3-diy0- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2 , -Deoxy-2 , -Methoxvcarbonylmethvlidin^Urid?nfi f a4) 

Et3N^3 HF (3 mL) wias added to a solution of 2 , -deoxy-2'-methoxy- 

carboxy!methylidine-3\5 , -C^(tetraisopropyldisiloxane-1 l 3^iyl)-uridm 33 
(5 g, 9.3 mmol) dissolved In CH2CI2 (20 mL) and EfcN (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column elutlng 2'-deoxy-2 -methoxycarbonylmethylidine- 
uridine 34 (2.4 g f 8 mmol, 86%) with THF:CH2Cl2 / 4:1. 

Example 87: 5^Q-DMT-2^Deoxv-2^M9thoxvcarbonylr nethvlidin^Uridinfl 
(35) 

10 2 , -Deoxy-2 , -methoxycarbonylmethylidine-uridine 34 (1,2 g, 4.02 
mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1 .5 g, 4.42 
mmol) In pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated In vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHC0 3l water and brine. 
The organic extracts were dried over MgSO^ concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 

to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-aPiy/rT^'-Deoxv^'-Meth ^ 

3 > >f2-cvanoethvl-/V.A^diisopropvlphosp horamidite^ (36) 

l^'-Deoxy^-a'-methoxycatbonyta^ 
D-ribofuranosyO-uridine 35 (2.0 g f 3.4 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl W,AWnsopropylchIorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 

S'-O-DMT^'-deoxy^'-methoxycafbonylmethylidine-uridine 3'-(2- 
30 cyanoethyl-/V,/V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 
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Example 89: 2 , ^eoxy-2^atfeoxymethyfidine-3\5 , -0-rretrarsoprQpytffr 
fii|nyane>1.3-divn-Urid1ne 37 

2*Deoxy-2'-methoxyca*onylmett 
si!oxane-1,3-diyi)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS(>4 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethy!idine-3 , f 5VO-(tetraisopropyldisIloxane-1 ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 1 0-1 5% MeOH in CH2CI2. 
- 

The alky! substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan eta!. PCT WO 94/02595. 

Oligonucleotides with 3* and/or 5' Pihalophosohonate 

20 This invention synthesis and uses 3' and/or 5* dihalophosphonate-, 

e.g., 3* or 5'OF2-phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5 ( - and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al„ PCT/US94/11649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5 - 
and/or 3-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded 'catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
tntramoleculariy if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript This invention concerns 
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nucleic acids formed of standard nucleotides, or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethylphosphonate In three steps from 1-0-methyl-2,3-0- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate Is 
described (e.g., for the difiuoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S^ihalomethylphosphonates. These intermediates 
10 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside 5'-deoxy-5'- 
dihalomethylphosphonates into suitably protected phosphoramidttes 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5'-dihalomethyIpho$phonates into their 
1 5 triphosphates, e.g., 1 4 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5* and/or 3 fl - 
dthaionucleotides and nucleic acids containing such 5* and/or 3- 
dihalonucleotides. The general structure of such molecules is shown 
below. 



20 



{R 3 0) 2 PCX 2 
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where Rj is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
25 nitrophenyl, or chlorophenyl; each X is separately any halogen; and each 6 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside ff-deoxy-S 1 - 
30 dihalo and/or S'-deoxy-S'-dihalophosphonates by condensing a 
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« 

dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside S'-deoxy-S'-dihalophosphonate 
and/or a S'-deoxy-S'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

10 triphosphates 1, where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn et a/., Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

1 5 analogue inhibitor of purine nucleoside phosphorylase (Halazy et a/., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5-oxygen (Breaker et a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et at. (Nucieic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphona!e linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to a,a-difiuoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (tithiodifluoromethyf)phosphonate (3) (Obayashi et ai, 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside S'-deoxy-S'-difluoro-methylphosphonates from 5- 
deoxy-5'-iodonuclebsides using 3 were unsuccessful, he. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et a/. (Martin ef a/., 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,a*difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et a/., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5-triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5*-deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of S'-deoxy-S'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al. ( 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5'-Deoxv-S'- 
difluoromethylphosphonates 

Referring to Fig. 87. we synthesized a suitable glycosylating agent 
from the known. D-ribose a,a-difluoromethylphosphonate (4) (Martin etaL, 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'* 
difluoromethylphosphonates. 

Methyl 2,3-0 -isopropylidene-p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al (Tetrahedron Lett. 1992, 33 # 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (^-MeOH, reflux, 18 h (Szarek of al, 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyi derivative, which was subjected to mild acetotysls conditions 
(Walczak etaL, Synthesis, 1993, 790-792) (A^O, AcOH, H 2 S0 4f EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosyiation 

30 of sflylated uracil and N^-acetylcytosine under Vorbruggen conditions 
(VorbrOggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS020Si(CH 3 )3 as a glycosyiation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et al., Tetrahedron 
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Lett 1987, 28, 3623-3626 and references cited therein) (SnCl 4 as a 
catalyst, boiling acetonitrfle) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosyiation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the deavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside S'-deoxy-S-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HCO3O column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR.( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

15 5 8.07-7.28 (m, Bz), 6.66 (d, J 12 4.5, aH1), 6.42 (s, pH1), 5.74 (d, ^3 4.9, 
PH2), 5.67 (dd, J 3f2 4.9, J 3i4 6.6, PH3), 5.63 (dd, J 32 6.7, J3 4 3.6, oH3). 
5.57 (dd, J 2f 1 4.5, J 2(3 6.7, oH2), 4.91 (m, H4), 4.30 (m, C^CHs), ^ M ( m - 
CH 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, aAc), 1.39 (m, CH 2 CH$. 31 P S 7.82 (t, 
J PfF 105.2), 7.67 (t, J P<F 106.5). 6a: 1 H S 9.11 (s, 1H f NH), 8.01 (m, 11H, 

20 Bz,' H6), 5.94 (d, J r 2 » 4.1, 1H, HV), 5.83 (dd, J 5 6 8.1. 1H, H5), 5.79 (dd, 
J 2',1' 4 - 1 « J 2\3' 6 -5/lH f H2 1 ), 5.71 (dd, J 3 « 2 « 6.5,^3.4. 6.4, 1H, H3'), 4.79 
(dd, J 4 . (3 . 6.4, J 4 . F 11.6, 1H. H4 1 ), 4.31 (m, 4H, CH 2 CH 3 ). 2.75 (tq, J H p 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 5 7.77 (t. J PF 104.0). 8c: 
31 P (vs DSS) (D 2 0) 6 5.71 (t, Jp p 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed X Tnax (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosyiation was N-7. 

Example 91:Synthesis of Nucleic Adds Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described In Usman et a/., J. Am. Chem. Soc. 1987, 1 09, 
7845-7854 and in Scaringe ef a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'~end 

35 (Figure 88 and Janda et a/. f Science 1989, 244:437-440.). These 
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nucleoside S'-deoxy-S'-cfifluoromethyiphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides; They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in pig. 89. according to known procedures. Nucleic Add Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Schelt; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3* dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 

« 

be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
1 5 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucteases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2-amido or 2'-peptido moiety. In other embodiments, the 3' and 5* 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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I M Ri R3 

FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 

5 addition, either Rj or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e.g.. R3NR4 where each R3 and R4 independently is 
. hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le^, an amide), an alkyl group, or 

10 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of Rj, R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than ONA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 

* 

20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2'-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 

25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly . 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic add or polysaccharide. 

Thus, In one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5* nucleotide 
1 0 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the ^-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O a may be 
replaced with an S, the sugar may lack a base (i.e., abaslc) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Example 93: General procedure for the preparation of ^aminoacyl^ 
deoxy-y-aminonudeoside conjugates. 

Referring to Fig. 92. to the solution of 2 , -deoxy-2 , -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino add (1 mmol) in methanol 
20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 

* 

ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycart>onyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture Is stirred at room temperature or up to 50 
*C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1 H NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their S'-O-dimethoxytrityl derivatives and into ff-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites Into RNA was performed using standard protocols 
(Usman et al. t 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of 2 , -d-2 , -aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage by hammeihead ribozymes co ntaining 2- 
aminoacyl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
1 5 positions are modified, individually or in combination, with either 2~NH- 
alanine or Z'-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5' end-labeled using 
tr 32 P] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (£ 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCl2« The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 jil 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing pofyacrylamide gels. The results are 

m 

quantified and percentage of target RNA cleaved is plotted as a function of 
30 time. 

Referring to Fio. 95. hammerhead ribozymes containing 2'-NH- 
alanine or 2-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2*-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacylation of 3'-ends of RNA 

I ' Referring to Fi g. 96. 3*-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates Gnkage of 3'OH 
group with the solid support 

iL Preparation of aminoacvl-derivatized solid support 

A) Synthesis of O-DimethoxVtritVt (Q-PMT) amino acids 

1 5 Referring to Fig. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4 l 4 1 -dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 mi) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHCOa and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated In vacuo. The residue is purified by flash 
sllicagel column chromatography using 2-10% methanol In 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

• * 

B) Preparation of the solid support and its derivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al. t Tetrahedron Lett, 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidrtes. 

Example 96: Aminoacvlation of 5'-ends of RNA 

I. Referring to Fig, 98. S'-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 
5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5-aminoacyiated 
monomer was prepared as described by Usman et al, 1987 supra. The 
phosphoramidite was then incorporated at the ff-end of the oligonucleotide 
10 using standard solid-phase synthesis protocols described above. 

It. Referring to Rg. 99. amtnoacyi group(s) Is attached to the phosphate 
group at the 5-end of the RNA using standard procedures described 
above. 

VII. Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. Sci. U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity wilt change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101. broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
1 0 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA (Fig. 101) and has the advantage 

that changes may be permanently encoded in the target cell's genetic? 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, £gnesJ983 John Wilely & Sons, Inc. NY pp 
493-496. 

m 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 
. 30 stranded DNA, which Is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobe!, S., & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J. Am. Chem. Soc. 114. 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globtn 

5 gene in vitro. Dominski 2; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sci 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 

10 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 102) . by appropriate positioning of an enzyme (or ribbzyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionaily. Higuchl, M.„ Single, F., Kohler, M., Sommer, B„ and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency Cell 
75:1361-1370- The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
vivo the nucleotide base sequence of a naturally occurring mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
}n vivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymaticatly alters the targeted 
1 0 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter*, as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter" is meant that the ability of the target nucleic acid 
25 to perform its normal function {/.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By 'mutant* it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like, it also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It alfows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Atzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as Is necassary. When treating an infection, such as HIV, It 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(/.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic add molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 

* 

methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytoslne. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

■ 

Using in vitro directed evolution, it is possible to screen 'for ribozymes 
with catalytic activities different than RNA cleavage. Battel, 0. and 
Szostak,J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences- Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic add molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
, description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the In situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 

* 

process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 
30 see Bass, B. L (1993) In The RNA World. R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -> U and A -> G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A-*G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et ai. (1993) £e!l 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific " . 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A-M, Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A, 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

1 5 The following are examples of the invention to illustrate different 
methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting cellular dsRNA dependent Adenine to Inosine 

converter; 

* An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell. 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to l's and read as G t 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 1 03, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophinAucif erase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to Ps 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5' to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTT^^ 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III she to 
the start of the luciferase coding region is (5* to 3 1 ): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3* end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCl, 0.25mM DTT and O.OSmM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L & Weintraub, H. 
Ce//55, 1089-1098 (1988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromoiar 
complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 26°C. Next, 1 *5ul of this mixture was added to 
a rabbit reticulocyte iysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Lucif erase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand Interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-104) , 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxyiamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston,1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L. in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston,1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to O^methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-Omethyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder. Jones and Bartlett 

5 Publishers, Inc., Boston, 1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L In The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). , 

The following are examples of useful chemical modifications that can 
10 be utilized In the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targeting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, GenesJ983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, If one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 

Mutant base A T(U) C G 
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0 2 -methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 

Referring to Figure 105. there Is provided a schematic describing an 
1 5 approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
20 modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the ONA Is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
25 of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry,* A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific Amsrfcan 267, 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Ssfence. 261:141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic adds is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 

m 

conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methyiation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic adds is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using ONA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing acitivity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic add lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble' formation) within the 
double stranded nucleic acid (Thomas et al. f 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. ^ 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it Is able to 
cause initiation of transcription from the first nucleic acid molecule. 

w The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault etal. t 1990 Nature 
344, 565; Pieken eta!., 1991 Science. 253, 314; Usman and Cedergren, 
1992 Trends in B iochem. ScL 17, 334; Usmari et a/., Internationa! 
Publication No. WO 93/15187; and Rossi et at., International Publication 
No. WO 91/03162, as well as Sproat,B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of .action 
so that the expression of the desired nucleic acid will be achieved at that 
35 . site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Oaube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

. of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated It will continue until the first nucleic acid is degraded. 

15 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g.. it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release dT therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex Is designed to provide a non-Integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

1 0 plasmid resulting in an R-loop structure (see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-iigand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzymol. 145, 235; 
Neuwald et al„ 1 977 J. Virol. 21 ,1 01 9; and Meyer et al., 1 986 J. Uft. Mot. 

1 5 Str. Res. 96, 1 87. Thus, those In the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactostdase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, supra) . 

5 One of the salient features of this invention is to generate R-Ioops in 

expfession vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 

0 process wilt continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
5 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 1 07) as described by Draper supra. 

Mqand Targeting 

Another salient feature of this invention is that the RNA used to 
0 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
. plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

5 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see figure 108) . This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

0 and Low, 1994 J. Biol. Chem. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDC). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

6 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using sucdnylacetylthioacetate. 
The amino linker can be attached at the 5* end or 3' end of the RNA, The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the figand for its receptor and not interfering 
with the hybridization. These techniques can be used to fink peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al., 1984 £e|l 37, 
801-813; Kalderon et al., 1984 Cell 39, 499-509; Goldfarb et al., 1986 
Nature 322. 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Scl USA 88, 8850-8854; Wagner et al., 1992 Proc. Natl. 
Acad t Set USA 89, 6099-6103; GiuDo et al., 1994 Cell. Sional 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al. f 1983 
Anal. Biochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

* 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce. 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

10 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain Is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
' supra) . The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules aire then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABLE 1 



Characteristics of Ribozvmes 

Group I tntrons 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5* of the cleavage 
site. 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophita rRNA, fungal mitochondria, chloroplasts, phage T4, blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonudeoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacteria] in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5* of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site. 
Binds 4-6 nucleotides at 5* side of the cleavage site and a variable . 
number to the 3* side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabts mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 
Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neunospoca VS RNA (Figure 5). 
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Table 2 

Human ICAM HH Target sequence 



nt. Position Target Sequences 



H CCCCAGO C GAGGCDG 

23 COGAGCU C COCTOC0 

26 AGCDOCO C UGCOAOJ 

31 C TJCU GUJ A COCAGAG 

34 QGCU3WCO C AGAGUUG 

40 0CAGAG0 0 GCAACC0 

48 GCAACCO C AGOCDCG 

54 UCAGOC0 C GCOADGG 

58 CO O OGGO A UGGCTOC 

64 UADGGCO C CCAGCAG 

96 CCGCAC0 C CDGGDOC 

102 DCCDGGO C CDGCOCG 

108 DCCDGCa C GGGGCCC 

US CGGGGCO C OGOOCCC 

119 GCJOX30 U CCCAGGA 

120 C DC0GOD C CCAGGAC 
146 CAGACAO C U G UGU LC 
152 0 C 0 Q0G 0 C CCCCOCA 
158 UCCOCCO C AAAAG0C 
165 CAAAAGO C ADCCOGC 

168 aagocau c c o aoax 

185 GGAGSCO C CGOGCOG 

209 AGCACCO C C O GPG RC 

227 CCCAAGU U GOOGGGC 

230 AAGUOGU U GGGCAHA 

237 UGGGCAU A GAGACCC 

248 ACOCOGU 0 GCUUAAA 

253 G DD GOC0 A AAAAGGA 

263 AAGGAGU 0 G OWJUU G 

267 AGOOGCa C C D QQCOS 

293 AAGGOGU A OGAACOG 

319 AGAAGAD A GCCAACC 

335 AUGUGCU A UUCAAAC 

. 337 GOGCOMJ U CAAACOG 

338 UGCOAna C AAACOGC 

359 GGGCAGO C AACAGC0 

367 AACAGCO A AAACC00 

374 AAAACCU U CCDCACC 

375 AAACCDO C COCACCG 
378 CCDOCCa C ACCG O GO 



nt Position Target Sequences 



386 AC CSPSO A C3GSACT 

394 CUGGACO C CAGAACG 

420 cAcccca c crepcco 

425 COCCC CT C OUGGCAG 

427 CCCC U C J 0 GGCAGCC 

450 AGAACCO a ACOJUAC 

451 GAACCOU A CCCDACG 
456 OUACCCU A CQC D GCC 
495 OCAACCa C A O0G0GG 

510 xxsaxsca c oguguug 

564 COGAGGO C ACGACCA 

592 GAGAGAU C ACCADGG 

607 AGCCAAU U OCOCGOG 

608 GCCAADU U e C CS OG C 

609 CCAADGU C CCGOGCC 
6U A MJOPCO C G 5GC CGC 

656 GAGCOCT U OGAGAAC 

657 AGCOGOa 0 GAGAACA 
663 AACAGCU C GGCCCCC 
677 GCCOCCO A CCACCOC 
684 ACCAGCU C CAGACOJ 

692 CAGACOJ 0 0 GDO C OG 

693 AGAOCOO 0 GCCCOGC 
696 CCUOOGO C CDGCCAG 
709 AGCGACU C CCOCACA 
720 CACAACa 0 GOCAGCC 
723 AACUOGU C AGOOCCC 
735 OCCG3GU C CUAGAGG 
738 GGGOCC0 A GftGS O Q G 

" 765 CCGGGGD C UUU bCCL' 

769 GGOCOGO 0 CCCO GG A 

770 GOCDGOO C OCDGGAC 

785 GGGCOGQ 0 CCCAGOC 

786 GGCUGUU C CCAGOC0 
792 . DCCCAGa C 0CGGAGG 
794 CCAGOCU C GGAGGCC 
807 CCCAGG0 C CAOCOGG 
833 CAGAGG0 0 GAAOCCC 
846 CCACAGO C ACCOAOS 
851 . GDCAOCU A 0GGCAAC 
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863 
866 
867 
869 
881 
885 
933 
936 
978 
980 
986 
987 
988 
1005 
1006 
1023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1368 
1380 
1388 
1398 
1402 



C 

GACDCC0 0 
ACUCCCU C 

occooca c 

AABQO C 0 C 
CCOCAG0 C 
GOGCAGC A 
CAGOAA0 A 
GGAOCA0 C 
ACCADCU A 
0ACAGC0 0 

ACAccna a 

CAGCDUU C 
AOGCGAU 0 
CGUGA00 C 
CAGAGGD C 
GAGGOCO C 

oauccca a 

ADGGGGO U 

o ggsg o o c 
cccagcq c 

CGCAGC0 0 
GCAGCUU c 
AGCUDCQ c 
OCCOGC0 C 
GCCAGCU 0 
CCAGCOT A 
AGCOUAD A 
GGGAGCQ 0 
GGAGCOC C 
0OOG0G0 C 
GOCCOG0 A 
GAGGGA0 0 
GGADOG0 C 
AGAAAAD 0 
GAAAAUa C 
GCAGAC0 C 
CCAGGCD 0 
AACCCAIJ 0 
CCGAGCO C 
CAAGOGU C 
AGDGDCU A 
UGGCACU 0 
GGCACOT 0 
GCACCUa c 
UGCCCAU C 
GGGGAAD C 
UGACOG0 C 
UGUCAOT C 



CUUCUCXy 

c o oosoc 

TOGGCCA 



A GOSOGA 



OCT3GGGA 

GUXBO0 
DO0SSCG 
CCGG CGC 
COTOGCC 
CXJGAOGA 
OGAOGAA 
UCAGAAG 
AGAAGGG 



CCAGCCC 
CAGHCCA 
CDQCOGA 

c o o oo cc 
uccoGca 
cuuajcu 

UGCAACC 
AUACACA 
OACACAA 
CACAAGA 



C0GQABG. 

asaoooc 

GOCOGGG 
OQG3AAA 
CCCAGCA 
CCAGCAG 
CAADGUG 
GGGGGAA 
GCCCGAG 
AAGOSOC 



0OCCAC0 



CCAC03C 
GGGGAAD 



1408 
1410 
1421 
1425 
1429 
1444 
1455 
1482 
1484 
1493 
1500 
1503 
1506 
1S09 
1518 
1530 
1533 
1551 
1559 
1563 
1565 
1567 
1584 
1592 
1599 
1651 
1661 
1663 
1678 
1680 
1681 
1684 
1690 
1691 
1696 
1698 
1737 
1750 
1756 
1787 
1790 
1793 
1797 
1802 
1812 
1613 
1825 
1837 
1845 



0CGAGA0 C 
GAGADC0 0 
GGCACC0 A 
CCO A CC0 C 
CC O C U GU C 
GAGCACO C 
GGGAGG0 C 
ADGOGC0 C 
GOGCOC0 C 
COJCUGU A 
AOGAGAU 0 
AGADOG0 C 
0OGOCAU C 
GCADCAU C 
CO GO GS D A 
OOGCAG0 C 
CAGOCAU A 
CAGGOCU C 
AGCACGU A 
CGQACCU C 
0A OCUCU A. 
OCOCDAD A 
GGAAGAD C 
AAGAAAU A 
ACAGAC0 A 
CACGOC0 C 
OGAACCD A 
AACCDAU C 
AGGGCO0 C 
QG C C DCD 0 
GOCDCOD C 
U C UU CU U c 
0CGGCC0 0 

asGcco u c 

00OOCA0 A 
COCADAD U 
AAGACAU A 
OGCAGOT A 
QACACaj A 
AGGGCAD 0 
GCADDGU C 
OOGOOCO C 
CC0CAGU C 
GDCAGAU A 
ACAGCA0 0 
CAGCAUU 0 
CCADGG0 A 
CACACCU A 
AAACAC0 A 



ce o a oGO 

GGGCCAG 
AAGGGGA 
ACTCGCG 
OD O OOOC 
O O Q O OSG 
UGAGA00 



a cogogs 



ADAADGG 
ADGGGCA 



0A0AAOC 
XZAAOOGC 
AOGGOCA 
AAGAAAD 



CAACAGG 
CCOGAAC 
OCOOGGG 
COGG GA C 
OO OC O Og 
OCOOBSC 
CDOGGQC 
QGQC UUC 



OPQGOG S 



CCQSCOC 
GOCCOCA 



AGADACA 



GGGGCCA 
CCTOCAC 
AAACAC0 
GGCCACG 
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1856 CACGCAD C 0GADCOG 

1861 ADCD5M7 C 0GOAGCC 

1865 GAUCUGO A GOCACA0 

1868 CUGUAGCJ C ACA0EAC 

1877 CADGAOJ A AGCCAAG 

1901 CAAGAC0 C AAGACAD 

1512 ACADGAU 0 GADGGA0 

1322 OGGADGU U AAAGOC0 

1523 GGADGOa A AAGGCOA 

1928 0UAAAG0 C 0AGCCOG 

1930 AAAGCC0 A GCCOGAU 

1964 GAGACA0 A G C OCC A C 

1983 AGGACAU A CAACCGG 

1996 GGGAAA0 A CUGAAAC 

2005 CGAAACT 0 GCOGCC0 

20X3 GCOGCCO A 00G3G0A 

2015 UGCOOMJ O G5GOADG 

2020 AD UGGG0 A OGCDGAG 

2039 ACAGACU 0 ACAGAAG 

2040 CAGACC0 A CAGAAGA 
2057 . OGGOCC0 C CA33AGAC 
2061 CCOCCAU A GACADOT 
2071 CA DGOGO A GCAX3CAA 
2076 GOAGCAD C AAAACAC 

2097 CCACAC0 0 CCOGACG 

2098 CACACOU C CCGAOGG 
2115 GCCAGCU U GGGCAC0 
2128 COGCOG0 C OACOGAC 
2130 GCOGUCU A CD3ACCC 
2145 CAAOCCX7 U GADGADA 
2152 UGADGAD A UUUAUUU 
2156 GAUADGCT A UUUADOC 

2158 UAUGUA0 0 0AEOCAI7 

2159 ADGUADU U AUUCAUU 

2160 UUUAUUU A UUCAXJCTJ 

2162 UADOUAU U CAUUUGU 

2163 ADUOADa C MOOSOO 

2166 UACTOCAD 0 OGCUAD0 

2167 ADOCADU 0 G0CADO0 

2170 CAUUOG0 a AUUUUA C 

2171 ADOOGO0 A UUUUA CC 
2173 UUGUUA D U OOACCAG 
'2174 .UGUUADU 0 QAOCAGC 

2175 GUUAUUU 0 ACCAGCO 

2176 UUAUUUU A CCAGCUA 
2183 ACCAGCO A UUUAUUG 

2185 CAGCOAU 0 0A0OGAG 

2186 AGCOABU 0 AJCTOAGD 

2187 GCUAUUU A OOGAGOG 



PCMB95AW156 



2189 UADOTA0 0 GAG3G3C 

2196 GGAGOG0 C UUUUADG 

2198 AGOGDC0 0 UJAJUUUA 

2199 G OGOCOO 0 UADGQAG 

2200 DGOCDOO 0 ADGOAGG 

2201 GOCODUa A UGUAGGC 
2205 UUUAUUU A GGCOAAA 
2210 GCBGGO0 A AAUGAAC 
2220 OGAACACT A GSOCDCD 
2224 CAOAGG0 C UL bU U U C 
2226 DAGGOCQ C CGGCCOC 
2223 COSGCC 0 C ACG31GC 
2242 % CQGAGCO C CCAGOCC 
2248 OCOCAG0 C CADGUCA 
2254 OCCADGD C ACADUCA 

2259 GDCACA0 0 CAAGGOC 

2260 OCACADO C AAGGOCA 
2266 0CAAGG0 C AGCAGGO 
2274 AOCAGG0 A 0 00050 
2279 GQEACAG0 0 GOACAGG 
2282 CAGUOOT A CAQGODG 
2288 0ACAGG0 0 OTACAC0 
2291 AGGOOQO A CACOGCA 
2321 AAAAGA0 C AAADGGG 

2338 DGGQVCD 0 CDCAUDG 

2339 GGGACUtJ c OC S D PS g 
2341 GAOXXJU C ADGGGCC 
2344 O O CUCA P 0 GGCCAAC 

2358 caxar u 0 UCCCCAG 

2359 CUG UC UU 0 CCCCAGA 

2360 0GOCDOO C CCCAGAA 

2376 GAGOGA0 0 POOOOM J 

2377 AGOGA00 0 UUOOADC 

2378 GOGHDOO 0 O C DAP C G 

2379 OGADOOU 0 CO A POQG 

2380 GAUUUUU C UADCGGC 
2382 UUUUUCU A UCGGC A C 
2384 UUIXUAU C GGCACAA 
2399 AAGCAO0 A UADGGAC 
2401 GCACDA0 A OGGACOG 
2411 GACUGGO A A DQSPOC 

2417 DAADGGQ 0 CACAGG0 

2418 AAD3GO0 C ACAGGU0 

2425 ' CACAGG0 0 CAGAGA0 

2426 ACAGGOT C AGAGADO 

2433 GAGAGAU 0 ACCCAG0 

2434 AGAGADO A CCCAGOG 

2448 GAGGCCO 0 AOUCCUC 

2449 AGGOCO0 A 0UOL1XJC 



SUBSTITUTE SHEET (RULE 26) 



MUC 37779 



WO 95/23225 



175 



PCT/IB95/O0156 



2451 

2452 

2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 

2504 

2508 

2509 

2510 

2520 

2521 

2533 

2540 

2545 

2568 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 



GCCUUAO 
CUUUAUU 
OAUOGCO 

ccooceo 

C OC CC OO 
GACACCU 



CCUUCGU 

a 



CAOACAU 



CA GOGOD C ACAAOGA 



GOCAKX50 



UADGOC0 
QOC00GD 



goococo 

C P 0 0O G O 
G DO COSO 
0CC0COP 
UUUGGA0 



OGCABG0 



CCAAGGCT 
AAGGUAU 
GAGGACU 
ACUCCOT 
CCCAGC0 
CCAGCUU 
GAAGGOT 
GGGOCAU 



u ccococa 

C CULUJ UO 

c e ajuc o c 

0 CCCCCTA 
C CCCCCAA 
U OGOOAGC 
U GOQAGCC 
0 AGCCftCC 
A GCCACCU 
C CCCACCC 
A CAUUUCU 
U OCOGCC A 
0 OT3CCAG 
C OGCCAG0 
O CACAAXJG 
C 

C AGOGGOC 
C A PGOCOB 
C OGGACAU 
A OGOOCAA 
A 0QOG0PG 
U GOOCOCU 

c cucuuar 
c coGocca 

U C 0O C 0 G P 

c cuuuuuu 
a 
u 

0 OCACTOG 

a ca cogg g 

C ACOGGGA 
U GCACOAn 
A 

u 

C CAGUDDC 
0 D OC D GCA 
U 
C 

C AGGGOCC 
C COGCAA3 
A O0GGAGG 
U GGAGGAC 
C CCOCOCA 
C CCAGCUU 
U DGGAAGG 
U GGAAGGG 
C A0COGGG 
C CGOO0G0 
A UGUGTJAG 



2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

29S1 

2952 

2955 

2956 

2961 

2962 

2965 



A 

ACAAGCO C 
AAGCUCU C 
OCOOGC0 C 
GCOCOGO c 
GOGCAAO C 
DCADGOT 0 
CAJDGGUO C 
CXX5CAGU C 
GCAGUCO U 
OO3AOC0 O 
DGACCOQ U 
0 

c 
c 

UGADCC0 C 
CCCACCU C 
UCAGCC0 C 
CCOGAGO A 
GGACCAU A 
AUAOSOT C 
GGCAAAU U 
GCAAADU U 
ADCDGAU 0 



GACAAGC 
OCGCOC0 



ADG300C 
CACOGCA 



GAl 
0OG3G CO 
0G3GC0 C 



COCOCAC 
CCACCOC 
AGOCOOC 



GC P QQ GA 
GG C DC A C 



GA0DOO0 



Itl 










it. 




■ 




H 




■ 


H 


■ 






F1 








1*1 



•ItiiilH tiiStBi t fit • « | 



0GADOOO 0 
GAUuuuu 0 
AUOUUUU 0 
0 

00ODOD0 0 
UUUUUUU 0 

ooooooo 0 

000OOO0 0 
U0OOO00 0 
0000000 0 



uuuuUuu 
0000000 



ooooaac 

OOOOCAG 



0 

UUUUUUU 0 

uuuuuuu c 

ACGGGG0 C 



.etf.f.i:*! 



GCAACAU 0 
CCAGACO 0 
CAGAC00 C 
AOJUCC0 0 
COOCCOO 0 
000G0GO 0 
OOGOG00 A 
0GGOAGU 0 



0CAGAGA 
CAGAGAC 
AGAGACG 
0OGCAAC 
GCAACAU 
GCCCAGA 
OCOO0G0 
COO0G0G 
OGOGOQA 
GOGOOAG 
AGOUAAU 
GOOAADA 
AADAAAG 
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296$ GOTAGUU A ADAAAGC 

2969 AGOQAA0 A Aft GCSOO 

2975 OAAAGOJ U CCOCAAC 

2976 AAAGCOT U COCAACO 

2977 AAGCDDU C OCAACDG 
2979 GOJUULU C AACOGOC 
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Table 3 

Mouse ICAM HH Target Sequence 

nt Position Target Sequence 







23 


CaGuGgU U cucdgcu 


26 


uGgOUCU C OGGBcCB 




31 


CUCUGCU c rnrVft^a 

• 


3d 




*v 


rrf"^A/"A<""fT TT "daAflrttt JTJ 


4 ft 




34 


USSw^^J w taugjUA** - 


do 




Cil 


CACCCWU V lA^UjwUa 


AC 






wgv-Ga&^u «* wumgvi 


<LUO 








■ ■*. if 




120 

A *t w 




146 




152 


UCUGUGU C aaCCaCu 


158 


OCCuauU ti AAAAacC 


165 . 


CAoAAGrU u oUuuOGC 


168 




18S 


GGuGSga C CGOGCaG 


209 


gcCACuU C CUcOGgC 


227 


CagAAGU U GOtJuuGC 


230 


AAOTOCT U uuGCucc 


237 


UGcGCuU u GAGA^Cu 


248 


AaCCCaTJ c uCCOAAA 


253 


ccOGCCa A AggAaGA 


263 


AgGGuuU c uCPaCUG 


267 


AGggGCO C COGCCOa 


293 


AAGcOOT u OaAgCOG 


319 


AGgAGAU A cugAgCC 


335 


cUGOGCtJ u UgagAAC 


337 


GUcCaAU U CAcACOG 


338 


aGCOgUU u gAgCOGa 


359 


GuGCAGU C guCcGCU 


785 


' GGcCCXjO* U uCCuGcC 


' 786 


GcCOSOtJ u CCuGcCO 


792 


UggagGU C UCGGAaG 


794 


CugGgCtJ u GGAGaCu 


807 


CuCgGaU a uACCOGG 


833 


CAaAGdtJ e GAcaCCC 


846 


000290X7 C AOCguDG 


851 


GagACCd c UacCAgC 



nt Position Target Sequence 



367 


AAugGCO u cAACCco 


374 


gAAgOCU 0 CCOgcCC 


375 


AAgCCDtJ C CDcrcCCc 


378 




386 


ACCGCJGU A uTJcSuuTT 


394 




420 


CACaCuD C OCCcCcg 


425 


CaOOCCU C ccaGCAG 


427 




450 




451 




456 




495 
510 




UGCJUGCU C CG0GGGS 


564 

592 




GA&AGMT C Af^Mtertr: 


607 


AGCl^aait it ra*T» *«rK 


608 


GDCAATJn TJ ORhfR! 1 


609 

611 


OCAADOa C UCaTJGCC 


AAUUUCU C aOGCCGC 


656 


aAGCDGO U XXSAGcug 


657 


AGCTOOO 0 GAGcugA 


666 


cgagCCD a GGOCaOC 


677 
* 684 


GaCCllCa A OCAGCCU 


uuCAGCU C CgGuCCO 


692 


CgGACuU 0 cGauCDu 


693 


AGgaCcU c acOCDGC 


696 


CCOgOuU C COGOCac 


709 


gGOGgCO C CaOCuCA 


720 


UACAACD U uDCAGCu 


723 


AACOOuU C AGCuOCg 


735 


aCCafiag C CUgGAGa 


738 


uGGgOCU c GuGaDGG 


765 


CaGDcGa C cGcUuOC 


769 


GGcCDGO U uOCOGcc 


770 


uUuCGcU C CCOGGAa 


1353 


. AGOGggU c gftaGgOG 


1366 


OaaCAgU c OaCaACO 


1367 


aGCACcO c CCCACcu 


1363 


GuACOgD a CCACOcu 


1380 


USOCCWJ C GGGGugg 


1388 . 


GGaGAcO C AGOGgCQ 


1398 


TOgCOGO C ACagaAc 


1402 


UGOgcuU u GAGAaCCJ 
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863 


AgCcACO 


u 


866 


GAagCCU 


U 


867 


AuOCgUtJ 


u 


869 


UCuOcCff 


c 


881 


AUGGCU0 


C 


885 


Guuugt»u 


a 


933 




c 


936 


uAaOcAU 


u 


978 


UaACagU 


c 


980 


ACagOCU 


A 


986 


UACAaCCJ 


a 


987 


ACAaCUU 


u 


988 


CAaCOGU 


u 


1005 


ACcaGAU 


c 


1006 


uGaGAgO 


C 


1023 










1025 


GAGGOCO 


c 


1066 


CCAOlTU 


c 


1092 


AniGtVitJ 


c 


1093 


OGGaccO 


u 


1125 


CCCAaCT 


C 


1163 


CGaAGCtJ 


.0 


1164 


GaAGCOU 


C 


1166 


AGC00OJ 


tt 


1172 


OOCOQuP 


u 


1200 


cuCuGOT 


c 


1201 


gCuGCOU 


u 


1203 


AcuDQuIJ 


tt 


1227 


GGuAcaU 


a 


1228 


GaAGCDU 


C 


1233 


UOCGOuU 


c 


1238 


GUgCOGU 


A 


1264 


GAaGGgU 


c 


1267 


uGAgaOT 


C 


1294 


AGgAgAZJ 


a 


1295 


GAggggtJ 


C 


1306 


GCAGACU 


C 


1321 


gaAGGCU 


c 


1334 


AAOCCAU 


c 


1344 


auGAGCU 


C 


1351 


ugAatX3T 


a 


1793 


UgGUCCU 


C 


1797 


CacCAGU 


c 


1802 


acCAGAD 


c 


1812 


ACuGgACJ 


C 


1813 


CAGCADU 


u 


1825 


CCAcGcU 


A 


1837 


CAugCCO 


u 


1845 


cgAgcCU 


A 



178 



CcUCOgG 


1408 


CcuGcOC 


1410 


cOGGagA 


1421 


augCAAG 


1425 


AacCcOT 


1429 


gagGOGA 


1444 


ADUCDGG 


1455 


COGGuGc 


1482 


TOCAftCD 


1484 


CAaCDUU 


1493 


UUCaGCtt 


1500 


uCaGCuC 


1503 


CaGCuGC 


1506 


COSgaGA 


1509 . 


OGggGAA 


1518 


UCgGAAG 


1530 


gGAAGSS 


1533 


aAaauAA 


1551 


uCAGgCC 


1559 


CAGCCaA 


1563 


uDcuTOA 


1565 


COuuOGC 


1567 


UuuOGCU 


1584 


uDGcoca 


1592 


aaaAAOC 


1599 


cCcCACA 


1651 


UgaACAg 


1661 


CACcAGu 


1663 


CGOGOgC 


1678 


uOuDgCU 


1680 


CgGagafl 


1681 


UGGuCCu 


1684 


GOgCaaG 


1690 


uGGGgAA 


1691 


CUflAflCC 


1696 


uCAGCAG 


1698 


ugAaaOG 


1737 


aGGaGgA 


•1750 


uCCuaAa 


1756 


gAGaGOg 


1787 


UAAguuA 


1790 


gGcugGA 


2173 


AcADAaA 


2174 


CuggAGa 


2175 


OcaGGCC 


2176 


acccuCA 


2183 


CCOcugC 


2185 


uAgCuCc 


2186 


GGCCACc 


2187 



gCGAGAD C ggGgaGG 
GAGgOCU c GgaaGgg 
ccC A CCP A CuDuDGU 
aCOgOCa u gGOaGaG 
uCUCOatJ u GccQCuG 
GAaggCCT C AgGaGGA 
QGaAuGD C ACCaGga 
AguOGuU u OgCuOCC 
cOSuDCU u QOuOauS 
CuguGcU u DGAGAac 
ADGAaAU c aOggOCc 
gGAcOetT a ADCADuc 
UOaOguU u ADaACcG 
cuAcCAH C ACcGDGu 
ucaOGGU c cCAGgOG 
QiauAaU C AUucOGG 
ugGOCAU u gOGGGCc 
CAuGCCIT u AGCAgcU 

AGCACca c QCcacctT 

CuOAugU u UADAAOC 
UAugUutJ A QAAdGGC 
ugOuDAU A ACOGOCA 
GaAAGAD C AgGAuAU 
AgGAuAD A CAaguUA 
ACAaguO A CAgaAGG 
CoCaOCa C CCOGAgC 
gaAACCU u UCOmuQ 
AACCUuU C CuuuGAa 
AGGaCCtT C agOCOgG 
aGCCaCU U OCOCuGg 
GCCaCUO C COCuGgC 
aCOOOCO C uGgCOgu 
cCGGaCO U uCgADcO 
CGGaCDU u CgADcOC 
OgCCCAU c ggGGOGG 
CggADAU a ccOGGag 
gAGACcU c UaOCAgc 
gGCgGCO c CACCDca 
gAagCCa u CCuGOOC 
gaGaCAD U GUOCcCA 
GCADDGO u COCuaau 
DOagagU a OOAOCAG 
UagaggU D UAOCAGC 
agagUUU U AOCAGCU 
gagUuuu A OCAGCOA 
ACCAGOT A OOOADUG 
CAGCUAD U UADOGAG 
AGCDAUO U ADDGAOT 
GCUADOT A OTGAGUa 
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1856 CggaCuU u cGADCOu 

1861 AcaPGAO a tfccAGOa 

1865 cAcuDGO A GcCuCAg 

1863 CaccAGU C ACADoAa 

1877 CAUScOT U AGCagcu 

1901 uAAaAOJ C AAGggAc 

1912 AuADagU a GADcagtJ 

1922 OGaADGa a uAAGCua 

1923 uGAOScU C AgGOaDC 
1928 UDAgAOT u OuaQCaG 
1930 AgAGOuU u tCCaGcO 
1964 GAGACAU u GuCCCca 
1983 AGGAuAD A CAAgOua 
1996 aGGAgWJ A CGGAgcC 
2005 UGgAgCU a GOgGaCc 
2013 GCDaomU A OUGaOTA . 
2015 XJSCCcAU c GGGgugG 
2020 ggOGGuU c CbCQSAG 

2039 gOuGgOT a gCAGAgG 

2040 CuGACcO c CuGgAGg 
2057 . CGcuOC7 C CAcAucC 
2061 CuaCCAU c acCgfTGD 
2071 CAcuDGa A GCcCCAg 
2076 GUAGCcU C AgAgCua 

2097 CaACuCO U CtiOGAuG 

2098 CACACOO C CcccCcG 
2115 GCCAGCQ c GSaggaU 
2128 CaGCUaU u HAuDGAg 
2130 cCOGUuU c COGcCuC 
2145 CAACuCU U cuDGADg 
2152 OautJaAU u UagAgOtf 
2156 uugADGD A U0QADO& 

2158 gABGOAD 0 UATOaAD 

2159 ADGOAD0 U ADDaAUU 

2160 UGUAUUU A. UUaADUU 
. 2162 UADOTA0 U aADOUag 

2163 ADgUADU u AODaaUU 

2166 acUUCAU U cucOADU 

2167 ADguADU U aUOAaDU 

2170 uAUUOaU XJ AaUOOAg * 

2171 AgUOGUO u UgcOaCC 

2417 gAAJUGGU a CAuAcOT 

2418 AcOGGaa C uCAGGcc 

2425 CAngGGO c gAGgGuU 

2426 AuuaaUU u AGAGuUO 

' 2433 uAGAGuU U uaCCAGc . 

2434 AGAGuUU u aCCAGcu 

2448 GAaGCCU 0 ccOgCcC 

2449 AaGCCOO c cOgCcCC 



2189 UADUUAU U GAGOacC 

2196 caAcOcCF u cOOgADG 

2198 gcaGcCU c UUAUUJu 

2199 GccUCUU a UgtAiOAu 

2200 Ucducca c ADGcAaG 

2201 aaguuuu A UGOcGGC 
2205 UUUAUUU c GGCcugA 
2210 GgAGaCU c AgOGgcu 
2220 cuggCAO u GuUDCU 
2224 OicAGGU a DCcauCC 
2226 UgGaCCT C eGGOCgC 
2233 CUGaCCg C cuGGAGg 
2242 uGGAGOJ a gOgGaOC 
2248 OauCcaU C CAOccCA 
2254 UCCAauU C ACAcOgA 

2259 aDCACAU XJ CAcGSOg 

2260 UGACADU C AcGGOgc ' 
2266 ggAAuGtf C AOCAGGa 
2274 ACCAGaO c CuGgaGa 
2279 GaAggGtJ c GOgCAaG 
2282 aAGcOGU u ugaGcUG 
2268 UAuAaGQ U aDggcOT 
2291 caGOgGO u CuCDGCu 
2321 gAAAGAD C AcADGGG 

2338 DGaGACO c COgccUG 

2339 GaaACcO u CCcODuG . 
2341 GACcOCO a craGcOi 
2344 UUvicgAD c uuCCAgC 

2358 CCcagCa c OCagCAG 

2359 COQOiOT a gaaCASA 

2360 aaCCUUU C CuuuGAA 

2376 agGGGgU D cOUCXJga 

2377 gGOGgTO c OTCOgag . 

2378 agGgUDO c OCOAcuG 

2379 OGcUUUU c ucflDaaC 

2380 aAgOOOT a DgUCGGC 
2382 aUDcOCa A UuGcCcC 
2384 aOcCaga a GaCACAA 
2399 AAaCACO A UgtJGGAC 
2401 aagCOgO u CGagCCTG 
2411 uACOGGCT c AgGaTJgC 
2691 AAuGOcO c cGAGGcC 
2700 GAaGcOT u CCOgOCc 
2704 • gacCuCO a CCAGCcU 

2711 CCCAGCa c UcagcaG 

2712 gagGuctf c GGAAGGG 
2721 GAAGGGO C gUgCaaG 
2724 GGuaCAU a OSuGOGc 
2744 • gGOGgGO c cGUGcAG 
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2451 


GOCOguO 


2452 


CCOguDU 


2455 


gAagCCU 


2455 


CCaCa.cn 


2460 


CaCaCDU 


2479 


GAgACCU 


2480 


uCAOCgU 


2483 


CCaaDGU 


2484 


CUUUUOO 


2492 


agCACCU 


2504 


cccaccc 


2508 


uADcCMJ 


2509 


uGAaAatJ 


2510 


UAgAgCU 


2520 


CuuuDGU 


2521 


CAGcaDU 


- 2533 


UGAugCO 


2540 


CAGCaGU 


2545 


GOgcTOU 


2568 


guGaAgU 


2579 


auAAGuff 


2585 


cugGCaU 


2588 


GCaOOGO 


2591 


UgGUuCU 


2553 


cOuCUUD 


2596 


CUuOTGU 


2601 


acCgCOT 


2602 


UCCaGcCJ 


2607 


cOcGgAD 


2608 


caGCAgU 


2609 


gGaADgU 


2620 


aGGAcCU 


2626 


UUuCgaU 


2628 


GCACacU 


2635 


UuCAGOT 


2640 


ggCCuGU 


2641 




2642 


CCuGUUU 


2653 


uAcOGgU 


2659 


gaAGGOT 


2689 


CuAAuOT 


2941 


GagACAU 


2951 . 


CCAcgCU 


2952 


CAGcagU 


2955 


AgUgaCU 


2956 


uUUOCUU 


2961 


UcOGOGU 


2962 


aDGUaUU 


2965 


UuUgAaU 



U OCpgOCO 
C COgCCUc 
u OCOgOCC 
U COlXQCc 
C CCCCCcg 
c UaccAGC 
T7 GOgAuCC 
c AGOCACC 
c aCCAguc 
C OCCACCu 
A CuDOOgO 
c caOcCCA 
O uDaCCAG 
u UaOCAGc 
O CcCAADG 
a ACccOcA 
C AGguaOC 
C cgcDgTO 



c TCuCaAA 
A TOgCcOG 
U GOuCOCU 
u CDCOaaU 
C OgcOOCO 
U GcuCOGc 
u CccaaPG 
a OuCgOOT 
a cCADccC 
a OacCOBG 
c CgCGGuG 
C ACcaGGA 
c 
c 

U GuAGCcu 
C CgGOccu 
OCCOGCc 
uCaGCAG 
CDSCcuc 
AGGaDgG 
gOGCAAG 
OccGAGG 
U GuOCccA 
a CCUcUGc 
CgdOGOG 
tXSOOTcA 
GaaUcAa 
AGccAcU" 
aDUAADu 



c 

c 
c 
c 

c 



c 

c 

u 

c 
u 



2750 
2759 
2761 
2765 
2769 
2797 
2803 
2804 
2813 
2815 
2821 
2822 
2823 
2829 
2837 
2840 
2847 
2853 
2860 
2872 
2877 
2899 
2900 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
2914 
2915 
2916 
2917 
2518 
2919 
2931 
2933 



UAUuUaD u 
cCggaCU u 
AgGacCU C 
OuDuGCU C 
agUCUGU C 
aTOaAAU C 
OCAEGGU c 
ggOSGgU c 
COcCgGU C 
aCAGOCO a 
C0GACCU c 
gGAgCcO c 
ugCCUblf a 
cUGGaCO a 
AgGOGgtJ u 
TCAgaCU C 
CCaAiigU C 

gcAGcca c 

gCcaAGU A 
GGAOCuU c 
uBccGCO a 
cGgAcuU O 

uuAAuna a 

AcODcAU U 
cUUcADU c 
UUGADgU a 
UGuaDOU a 
GAagcDU c 
AgcOOtO a 
OgUaUUU a 
UgUaOUU a 
UUgUUcU c 
DUOcUcD a 
OgcDOOU c 
aUUOaUU a 
UaOUcgU U 
aUacgOU O 
UUcgUUU c 
tKJcOcaU a 
ugGaQOT C 

u c 



GAguAcC 
CCGaOCO 
aCcCOGc 
DGcCgCu 
AaaCAGG 
ADGGOcC 
CcagGCg 
cgOGCAG 
cDGAOCc 
cAaCUUU 

cOGGagg 
cGGaCTu 

GcuCcCA 
uAaUcAU 
CUuCuga 



uDauGOU 



cCAuCAC 



GAgOUUU 
cDcOaUU 



UUUaDUa 
DUaaDUU 
CCDUgcO 



UUaaUOU 
UUaaOUD 
OaaUgUC 
cOggOCA 
UcaUaAG 
aDUuAGA 
UcCgGAG 
cCgGAGA 
CgGAGAg 
AGgGuCG 
OCGgAAg 
GgAAggg 



c AAUAAAG 
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2966 


GcDgGcD A gcAgAGg 


2969 


AaOcAAO A AAGuOGU 


2975 


UAgAGuD U UacCAgC 


2976 


gAgGgOU U COCuACCJ 


2977 


AAGCOgO u DgAgCDG 


2979 


uCaUUCU C uAuDGCC 



t 
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Table 4 

Human ICAM HH Ribozyme Sequences 



nt. Position Ribozyme Sequence 

11 CAGOGOC C0t3 U DG A GGC0GAAAGGaXAA AGOGGGG 

23 AGCAGAG CDGAtXiAGGCCGAAAGGCCGAA AGCOCAG 

26 AGOAGCA CGGADGAGCXX^AAAGGCOGAA AGCaGCU 

31 CGCUGAG CTXSATCAGGCCGAAAG3CCGAA AGCAGAG 

34 CAAC0C3 CTGADGAGGCCGAAAGGCCGAA AGUAGCA 

40 AG30OGC C33ADGAGGCC3AAAGG00GAA ACOCuGA 

48 CGAGGOJ COGATCAGGCXEAAAGGaOGAA AGGOOGC 

54 CCAI3AGC COGATCAGSCCGAAAGSOOGAA AGGCDGA 

58 GGAGCCA CDGAO3AGGC0GAAAGGG0GAA AGOGAGG 

64 COGCOGG COGADGAGSCCGAAAGGCCSAA AGOCADA. 

96 GGACCAG CXXSlIXaGGOOGaAAflGaOGAA AGOGGGG 

102 CGM3CAG CDGADCaGGCOaA&GGCaSA ACCAGC31 

108 GAGCCCC COGADGAGGCOGAAAGGCOGAA AGCAGGA 

115 GGGAACA COGAOTAGGCCGAAAGGCCGAA AGCOCOG 

IIS P0C0GGG GXxAOTAGSCCGAAAGGOOGAA ACAGAGC 

120 GODCO SG CG GAttSA GSeaSUAGGCOGAA AACAGAG 

146 GGACACA COGADGAGGCCGAAAGGCCGAA ADGOCGG 

152 0OU5GG3 C0GATX3U3GCCGAAAGGCCGAA ACACAGA 

158 GACOOOa aXSABSAGGCaSAAAGGCOSA AGGGGGA 

165 GCAGGAO CCGAIX»GGaa»A&G3CCGAA ACOOCUG 

168 GGGGCAG CTCATJGAGGCCGAAAGSOCGAA ADG3UC0CT 

18S CAGCACG OJGAIXS\GGCOGAAAGGCX3GAA AGCCOCC 

209 GOCACAG CXX3ADGAGGCOGAAAGGCCGAA Afl GOQCO 

227 GCCCAAC CDGADG3yGGCaiAAAO^CCGAA A COOSQG 

230 UMX3CCC C0GAD3AGGO0GAAAG3C0GAA ACAACDU 

237 GGGOCOC CDGAJDGAGGCOSAAAGGCCGAA ADGCCCA 

248 UUUAGGC OJSA03AGGCCGAAAGGCCGAA AOQQQGB 

253 UCCOUOU COGADGAGGCaSAAAGGCOGAA AGGCAAC 

263 CAGSAGC COGATCAGGCCGAAAGGOOGAA A COC C OO 

267 CAGGCAG COGADGAGGCOSAAAGGCOGAA AGCAAOJ 

293 CAGUUCA CDGAXXjAGGOGGAAAGQOOGAA ACACCDU 

319 GGDOGGC CUGADGAGGOOGAAAGQCCGAA ADCQUCC7 

335 GODOGAA C3X3ATOAGGCCGAAAGQOQGAA AGCACAXJ 

337 CAG0U0G CCGAIXftGGCCGAAAGGOCGAA AUAGCAC 

338 GCAGUOQ COGJATOAGGCCGAAAGGCCGAA AAEAGCA 
359 AGC0GOT CCK3AD5AGGCCGAAAGGCOGAA ACOGOCC 
367 AAGGOOa COGATOAGGCCGAAAGGCCGAA A GOJGUU 
374 GGUGAGG CDGAUGAGGCGGAAAGGOGGAA AGGOUUU 

' 375 CGGOGAG OTGADGAGGOCGAAAGGCOGAA AAGGODU 

378 ACACGGU OT3AOTAGGCCGAAAGGCCEAA AGGAAGG 

386 AGDCCAG COGAIXSVGGCCGAAAGGCOGAA ACACGGO 

394 GGOOCOG OTGAIX2AGSCCGAAAGGOCGAA AGCOCAG 

420 AAGAGGG COGA0SAGGOGGAAAGGOOGAA AGGGGOG 

425 COGCCAA COGADGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GSC O GCC CO33UXaGG0CGAAAGGCCGAA AGAGGGG 

450 GOAGGGa COGADGAGGCOS^AAGGCXGAA A GGOOCO 

451 OGDAGGG COGAJB3Ai3Q<XX3AAAGSaO^ AAGGOOC 
456 GGCAGCG COGADGAGGCCGAAAGGCCGAA A GGUJA A 
495 CCACGGO C3X3ADGAGGCCGAAAGGCCGAA AGGOOGG 
510 CCCCACG a3G80X3AGCXXX3UUOCXX3GAJl AGCAGCA 
564 UGGOCGD CtXSAroAGGCCGAAAGGQCGAA ACCDCAG 
592 CCADGGD COGRDSftGQOOG&MGGCOSA ADCDCOC 
607 CACGAGA COGATOAGGOOGAAAGGGCGAA ADGGGCU 
609 GCACGAG CIXSUX2U3GCCGAAAGGCCGAA AADOGGC 
609 GGCACGA CDGADGAGGCCGAAAGSXGAA AAADOGG 
611 GCGGCAjC CDGADGAGGOCGAAAGGCCGAA AGAAADU 

656 GODCDCA CCGAIXMGCCGAAAGGCCGAA ACftGCOC 

657 DGDOCOC COG3UIGaGGm3AAAG3CX2S\A AACAGCD 
668 GG3GGCC COGADSAGGCCGAAAGGaOSiA AG GD G CKJ 
677 GM3CDG3 OTGAIXSACGCOGAAAGQCCGAA AGGGGGC 
634 AGGUCOG CO^aDGAGGCCGAAAGGCCGAA AGCOGGU 

692 CAGGACA COGMXSAGGCaaAAGGCOSAA AGG OCOG 

693 GCAGGAC GDGAXX3AGGCCGAAA0GOCGAA AAGUJCU 
696 COGGCAG COGADGAGGCCGAAAGGOCGAA ACAAAGG 
709 0G0GQGG C0GADGAGGO0GAAAG3CCGAA AGOOGCD 
720 GGCDGAC COGAJDGAGGCCGAAAGGCOGAA AGODGOG 
723 GGGGGCa C3XM5GAGGCCGAAAGGCCGAA ACAAGUU 
735 OCDCQAG OJGADGAG3aa3AAAGC»CG^ ACCCGGG 
738 CCACCOC COGADGAGGCC GA AAGGCCGAA AGGACCC 
765 GQGAACA COGAPGAGGOC GA AAGGCCGAA ACCACGG 

769 03CAGGG COGADGAGQOCGAAAGGOOGAA ACAGACC 

770 GTOCAGG COGAIXaAGGCCGAAAGGCOGAA AACAGAC 

785 GACOGGG QX3U3GAGGCO3AAAGG0CGAA ACAGCCC 

786 AGACOGG CDGAIXruGGCCGAAAGGCCGAA AAGAGCC 
792 CCOCCGA OXAUGA GGCO GA AAGGCCGAA ACOGGGA 
794 GG CC D CC OTGADGAGGCCXSAAAGGCCGAA AGACOGG 
807 CCAGGOG CCX2ADGAGGOGGAAAGGOGGAA AOCDGGG 
833 GGGGOUC aJSADGAjGGOOGAAAGGCCGAA ACCOCOG 
846 CAHAGGU CTCAXK5AGCXX23AAAGGCXXJAA ACDGOGG 
851 • GODGOCA CP3ADGAGGCCGAAAGGCCGAA AGGUGAC 
863 CGAGAAG CDGADGAGGCCGAAAGGOCGAA AGOOGOU 

866 . GGCCGAG COGADGAGGCOaAAGGCCGAA AGGAGUC 

867 OGGGCGA CUGADGAGGOCGAAAGGCCGAA AAGGAGU 
869 CDOGGCC QTjAIXSAGGCCGAAAGGCCGAA AGAAGGA 
881 ACDGACO COGADGAGGCCGAAAQGCOCStfl AGGCCUU 
885 CCACACO CD3ATOAGC50OGAAAGGO0GAA ACOGAGG 
933 CCAGDAU CDGADGAGGCCGAAAGGOCGAA ACOQCAC 
936 UOCCCAG OXStfXSAGGCOGAAAGQCCGAA ADDACOG 
978 AGCUGUA COSAOS^GCXXXSAAAGGCCG^ ADGGOCA 
980 AAAGCDG CDGAJGGAGGOCGAAAGGCCGAA AGADGGD 

986 CGCCGGA CDGADGAGGCCGAAAGGCCGAA AGOOGOA 

987 GCGCCGG CDGAIX3AGGCa3AAAGGOCGAA AAGCOGO 

988 GGCGCCG COGAD3AGGCCGAAAGGGCGAA AAAGCDG 
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1005 UCGOCAG COGATOAGGCCGAAAGGGOGAA ADCAOGO 

1006 



1023 CUOCOGA COGADGAGGCOGAAAGGCCGAA ACC0C0O 

102S O J OJUOJ OTGADGAGGC03AAAGGCCGAA AGACCOC 

1065 00GGC0C CCX3ADGAGGCCGAAAGGCCGAA JU3SS0G3 

10S2 GGGCDGG CDGADGAGGCCGAAAGGCCGAA ACCCCAD 

1093 OG G GC0G CUGATOAGGCCGAAAGCXXXIAA. AAOCOCA 

1125 UCAGCAG COGADGAGGCCG&AAGGCCGAA AGCUGGG 

1163 GCAGGAG CUGAIXSU3GCCGAAAGGCOGAA AGCOGCG 

1164 AGCAGGA COGAUGAGGCCGAAAGGOCGAA AAGC0GC 
1166 AGAGCAG CTKMXaAGGCCGAAAGSCCGAA AGAAGCU 
1172 GG00GCA CDGAroAGGCGGAAAGGCCGAA AGCAGGA 

1200 OSDGQ MJ C0GWXSUS3O32AAAGGCCGAA AGCOGGC 

1201 UOG0G0A C0GAreAGGCO3AAAGGa3»A AAGCOGG 
1203 OCDOG0G CIXaaDSftGGCOG&AAGSCO GA A ADAAGCT 

1227 GGACACG CUUAU^A QGCCGAAAGCXXGAA AGCDCCC 

1228 AGGACAC COGMX3AGGCCGAAAGGCCGAA AAGCOCC 
1233 CADACAG OJGAIX2\GGCCGAAAGGCCGAA ACAJOGAA 
1238 G33GQC& aJGAO3AGGOT2mX3GC0GAA ACAG3AC 
1264 CCCGGAC CDGMISAOSOOGAAAGSOOGAA ADOOC U C 
1267 DD0DC0G CDGMX3AGGCOGAAAGGCOGAA ACAADCC 

1294 p X P GGS CR2ADGAGGC0GAAAGGC0GA& ADUUUCU 

1295 CO3C0G3 COGADGAGGCCGAAAGGCCGAA AADOOOC 
1306 CACADOG CUGAUGAGGOOGAAAGGCCGAA AGOCOGC 
1321 OOCCCCC aX3ADGAGGCOSAAAGSCX3SAA AGCCOGG 
1334 C0CSSGC OTSADGAGGCCGAAAGGCOGAA AEGGGOT 
1344 GACACOU aXSATOAGGCCGAAAGGCCGAA AGCOCGG 
1351 UO L UUUA CUGADGAGGCOGAAAGGCCGAA ACACOCG 
1353 CADCCDa COGABGAGGCGGAAAGGCOGAA AGACACtJ 

1366 AGOGGGA OT3ATOAQGCCGAAAGGCCGAA AGUGCCA 

1367 CAGOGGG C0GMX3AGGCXX3VAMC»33C3VA AAGOGCC 

1368 GCAGOGG CBGAD3AGGCCGAAAGGCCGAA AAAGOGC 
1380 ADDCCCC CUGAD3AGGOCGAAAGGCCGAA ADGGGCA 
1388 AGDCACU CDGATOAGGOOGAAAGGOOGAA AD O O QCC 
1398 CUCGAG0 OTGADSAGGCCGAAAGGCCGAA ACAGOCA 
1402 AGA0CUC OT3AD3AGGCaiAAAG3CCGAA AGOGACA 
1408 CCCUCAA COGATXaGGCOGAAAGGCCGAA ADCCCGA 
1410 . OGCCCDC CTOAIX2AGGCGGAAAGGCCGAA AGADCOC 
1421 ACAGAGG CIK3tfXSAC5Gm33UUUSCXX3GAA AGGUGCC 
1425 COCGACA CDGADGAGGOCGAAAGGOGGAA AGC3DAGG 
1429 OJ3GCCC COGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 UCCCCUU CtX3AD3AGGOCGAAAGGOCGAA AG0GCUC 
1455 CGOGGCT COGATCAGGCCGAAAGGOOGAA AOCOCCC 
1482 GGGGGGA COGATOAGGCCGAAAGGCOSAA AGCACA0 
1484 CCGGGGG CPGAU3AGGC0GAAAGGCCGAA AGAGCAC 
1493 AADCOCA C£K3AIX2AGGCCGAAAGGOCGAA ACCGGGG 
1500 OGADGAC CXX3AIX5AGGCCGAAAGGCCGAA ADCUCA0 
1503 OGADGAD OX3UJ3AG3C0GAAAGGCCGAA ACAADCU 
1506 CAGUGA0 CtXSADGAGGOCGAAAGGOQGAA ADGACAA 
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1509 CCACftGU C0GADGW3G0OGAAAGGOCGAA ADGADGA 

1518 OUUCUU-' CtXSADGAGGOQGAAACGOCGAA ACCACAG 

1530 CCADOAD CIX3ADGAQGQCGAAAGGOCC31A ACDGCGG 

1533 OGCCCA0 COSMXaQGCaSUU^GCCGAA ADGACUG 

1559 ADAGAGG. CJXjADGAGGCCGAAACGOOGAA AOG0GCP 

1563 GGOCffiHA CDG»DGAGGCXa2AAAGGOaGAA AGGQACG 

1565 GCGGOOA C0C3aX3U3GCaaAAgX3C GA A AGAGGQA 

1567 UGbCGGO COGADG3U3GCCGAAAG3CCGAA ADAGAGG 

1584 ADUDCOU C0GADGAGGCCGAAAG3CCGAA AUCUUC C 

1597 T3AGUCOG CCX3UX5AGGCXEAAAGGCCGAA AU U UC U U 

1599 CC UUXX j COGADSaflOCCGaAittSXXX SA A AGOCOGCT 

1651 GOOCAflG OXari3AG300GAAAaraG3^ AGG0GOS 

1661 CCCGGGA a*3VDGAGGCO=AAASXXX^ AGG0OCA 

1678 CGAGGAA OTWEAGGCOGAAAOXC^^ AGGCGCU 

1680 GOOGAGG CIEADGAGQCa3AAAflGCeGAA AGAGGCC 

1681 gooogag aisraaflsoaavAAGGcoGAA aagaggc 

1684 GAAGGGC aJGADSAGGCCGAAAGGOOGAA AGGAAGA 

1690 ADADGGG C£X3ATOAGGCCGAAAGC?CCGAA AGGOOGA 

1691 AADADGG COGMX3AGGOCGAAAl3Xa2AA AAGQCGG 
1696 CCACCAA. aX3ttXaGG023AAA<33CaM ADQGGAA 
1698 OGCCACC C£R30X3ACCXa2UUU3QCOGAA. ADADGGG 
1737 CADGGCA CDGWX»GGCXX2AAAGGCOGAA A0G0 C OO 
1750 GOAGG0G CCXSUXStGGGOSAAAGGCOGAA AGCD3CA 
1756 GGGOCQC C0G3»X3U3G0aS^AGSCQGAA AGGOGOA 
1787 OSAGGAC CDGATOAaxaSAAGGCCGAA ADGOX U 
1790 GACUGAG CRS&DGAGGGOGAAAGGCCGAA ACAADGC 
1793 OCD3AOJ GQ3ADSAQS00GAAAGG0GGA& AGGACAA 
1797 DGUADCD COGWXMGOOGAAAGGCEGRA ACOGAGG 
1802 GCOGODG GGaADGAGQQOGAAAGGCQGAA ADCOGAC 

1812 GGCCCCA C0GADGAGGCOGAAAGGCCGAA. APGC U G O 

1813 OGGCOCC COGADGAGSOGGAAAGGCOGAA AADGCDG 
1825 GOQCAGG OT3AD3AGGCCGAAAGGCCGAA AOCADGG 
1837 AGOGOOO CUGADGAGGOOGAAAGGOOGAA AGGOGOG 
1845 CGOQGGC CCGAIX»jGGCCGAAAGGCCGAA A GOGOOO 
1856 CAGWOCA COGMJGAGQCCOAAAGGCCGAA AD GCG OG 
1861 GACUACA CDGADGAGGQOGAAAGGOGGAA ADCAGAD 
1865 ADGOGAC COGADGAGQOOGAAAGQOOGAA ACAGADC 
1868 GOCAUGU CUGAIX2AGGOCGAAAGGOOGAA ACCACAG 
1877 COOGGOJ CDGADCSUSGOGCSUUUSSCXX^ AGOCRDG 
1901 AIWUCUU CTSADGfifiGCOGAAAflSOOGAA AGOCOOG 
1912 AXXXADC CD3ft0C3W3GOOGAAAGGOOGAA ADCADQEJ 

1922 AGACDOT CCXaADGAGQGOGAAAGGOOGAA ACADCCA 

1923 UAGACUtf COGAOGAGGOGGAAA0GOQGAA AACADCC 
1928 CAGGCCA OJGAD3AGGCCGAAAGGCCGAA ACOOUAA 
1930 ADCAGGC C0GADGAGGCOGAAAGGCCGAA AGACUUU 
1964 GUQQGGC OT3ADGAQGCCGAAAGGCCGAA ADGOCOC 
1983 CCAGUOG COGADGAGGCCGAAAGGCXGAA ADGOCCD 
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1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 



GUOUCAG 
AGGCAGC 
UACCCAA 
CAEACCC 
G3GAGCA 



A£AD5I3w 
OUGADGC 



CCGAEJGAGGCCGAAAGGCCGAA 

coG ra x s ussocsaAAGGocsaA 

C^XSABGAGCKXXJAAAGGCCGAA 
CDGADGAGGCCGAAAOXXX2AA 
OPGADGAGG C QGAAAGGOCGAA 
C0GADGAGGCCGAAAi33O0GAA 
CPGADGAGGGOGAAAGGCCGAA 
C0GMX2AGGCOSAAAGGCCGAA 
OGAAAGGOCGAA 
GCCGAAAGGCCGAA 



ADOOCCC 
AOTUOCA 
AGGCAGC 
AEAGGCA 



AG 0 C 0GO 
AAGUCOG 
AGGGCCA 



O73AIXSU3GCCGAAAGG0CGAA 

lAGGOCGAA 



ADGO0AC 
AGOGCGG 
AAGCGOT 



axsaiK5afiGccGaAACSXx3^ 

UAIX2U3C COTADGAOSCCGAAAGGCCGAA AGGGUCG 
AAADACA. C0G3HX3AGGOOGAAAfX3OOGAA ABCADCA 
GAAEAAA 



AADGAA0 
AAADGAA 
ACAAABG 
AACAAAJJ 

AAEAACA 
AAADAAC 
GOAAAAU 
GGOAAAA 
OJUGUAA 
GCUGGUA 
AGC0GGC7 
UAGC0GG 
CAAHAAA 
COCAAEA. 
ACOCAA0 
CACOCAA 
GACACTC 
CADAAAA 
OACAOAA 
aJACAJCJA 



GOCCCACA 
UUUAJGOC 
GUUCAUU 



CUU^UIAGGCCGAAAGGOCGIAA 
CX^1X^J3GCCGAAAGGCCGAA 
C0GAD3AGGCCGAAAGGC0GAA 
C03ADGAG3XGAAAGGCCGAA 
COGADSAG3aOGAAAGGCX32AA 
COGAITSAGGCCGAAAGGOOGsAA 

CUGADGAGGCCGAAAGGCCGAA 
CUGADGAGGCCGAAAGGCCGAA 
C0GADGAGGCCGAAAGGa33\A 
OJGAUGA GG C OSAAAGGCOGaA 
CQGftDGAGGQOGAAAGGOOGAA 
CPSADGAGGOOGAAAGGCCGRA 
CtraCTAGGCCGAAAGGCCGAA 
CIX3£UX2AGGCCGAAAGGCCGAA 
COGggJSAG GO O G AAAGSCCGAA 
OTGAIKAGGCCGAAAGGCCGAA 
CTCAroAGGCOGAAAGGTOGAA 
axrUXaGGCCGAAAGGCCGAA 
CT3ADGAGGCCGAAAGGCCGAA 
C3JGAO3AGGCCGAAAGG00GAA 
OTSADGAGGCCGAAAGGCCGAA 
OKaiXSUSGCCGAAAGGOOGAA 
CTGADGA03CCGAAAGGCCGAA 
GAGGCCGAAAGGCOGAA 



AEACADA 
AADACAU 
AAADACA 
ADAAAEA 
AADAAAIJ 
AJDGAADA 
AADGAA0 
ACAAABG 
AACAAA0 
ADAACAA 
AAEAACA 
AAADAAC 
AAAAUAA 
AGCOGGD 
ADAGOQG 
AADAGCU 
AAADAGC 
ADAAADA 




AAAGACA 
AAAAGAC 
ACADAAA 



CGAAA* 



GCDCOGa CGGADSAGGOCGAAA0GOCGAA aggccag 
GGAC0GG COGAIXSAGGCCGAAAGGCCGAA AGCOCCG 
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2248 
2254 
2259 
2260 
2266 
2274 
2279 
2282 
2288 
2291 
2321 
2338 
2329 
2341 
2344 
2358 
2359 
2360 
2376 
2377 
2378 
2379 
2380 
2382 
2384 
2399 
2401 
2411 
2417 
2418 
2425 
2426 
2433 
2434 
2448 
2449 
2451 
2452 
2455 
2459 
2460 
2479 
2480 
2483 
2484 
2492 
2504 
2508 
2509 



UGACATO 
UGAAD3U 
ca CCDOG 
USAGCDU 
ACCOGGO 
ACAACOG 
CCOGOAC 
CAACCDG 
AG0OTAC 
UGCAGOG 
CCCADUD 
CAADGAG 
OCAADSA. 
GGCCAAU 
G 00 QQC C 
COGGGGA 
0 O J 0G5G 



AUAGAAA 
GADAGAA 



C UUAlAaA GGOCGAAASGCOGRA. 
CE3GAD3AGGOOGAAAC3COGAA 

OJUAUUA QSCX3SAAA3QOGGAA 

aX3ATCAG3CCGAJttQ«X^ 

COGAOSAGGOOGAAAQGOOGAA 

CPSADSAGGOOGAAAGSOOGftA 

COGADGAGGCCGAAAGGCCGAA 

CCGADGAG GC C GA AAG3C0 GA A 

OXlAIXiAGGCOSAAAfiGCaSAA 

(J UaAIXiA G GC CGAAAGGCOSAA 

COGADGAGGCCGAAAGGCCGAA 

a3GAD3AG30CGAAAQGOOGAA 

COGATOAOCXX33AAJU3SOCGAA 

CTOAZXSUSOOOSAAAGaOOGAA. 

COGAIXMSCOGAAJtf^^ 

CCX3AIX3AGGCCGAAAQGOCGAA 
CTOAIX3U3GC0GAAAGG00GAA 



AC0GGGA 
ACAUGGA 
ADSDGAC 



ACCDTOA 
ACCOGGO 
ACOGOAC 
ACAACGG 
ACCOGDA 
ACAACCO 
AUCDUUU 

AGOCCCA 
AAGDCCC 
AGAAGOC 
ADGAGAA 



CCX3AtXaAGGOOGAAAflGO0GAA 
CX3GADSAQGGOGAAAGGOOGAA. 



GOGCCGA 
U0GO3OC 



ABZAC0C 
AAIXACU 
AAADCAC 
AAAADCA 
AAAAATC 
AGAAAAA 

COGADGAQGCOGAAAG300GAA ADAGAAA 

AGOGCOO 



CAGOCCA 
GAACCAD 
A O C 0G0G 
AACCOGa 

AADCDCa 
ACCT3GGO 
CAC D GGG 



CUGADGAGGCCGAAAGGCCGAA. 
CDGADGA G GCC GA AAGGOOGAA. 
CXX3ATX3U3GCCGAAAGGCXGAA. 
ODGADGAGGOOGAAAOGOOGAA 



COGADGAOGCOGAAAGGCCGAA 

AAGGCCGAA 
lAAGGCCGAA 
COGAIXSAGGCCGAAAjQQOOGAA 



AAOCAOa 
A O C D G OS 
AACCOGa 
ADCOCUG 
AADCOCO 
AGGCCDC 



UGGGGQG 

uu g g gcju 



GGCOAAC 
GGOGGCO 
AGGOGGC 
QSG 0 QQ 6 
AGAAADG 

UGGCAGA 



CUGADGAGGCCGAAAGGCCGAA 
CXXaADGAGGOOGAAAOGOOGAA 
CtXSAOGAGGCCGAAAOGCOGAA 
OX3WX3AGGCCGAAAJ3GCCC5AA 
CDGAU3AGGCCGAAAGGCCGAA 
CDGAIX3AGGCCGAAAGGCCGAA 
CXK2AIX2AGGCCGAAAGGCCGAA 
COGAIXSAGGCCGAAAjGGCCGAA 
COGAOGAQGCaSAAAGGCCGAA 
C03AD33USGCTGAAAQGCCGAA 



AADAAGG 
AGGAADA 
AGGGAGG 
AAGGGAG 
AGGOGOC 
AAGGUGO 
ACAAAGG 
AACAAAG 



ADGDGGG 
ADGUADG 
AAI 
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2510 
2520 
2521 
2533 
2540 
2545 
2568 
2579 
2585 
2588 
2591 
2593 
2596 
2601 
2602 
2607 
2608 
2609 
2620 
2626 
2628 
2635 
2640 
2641 
2642 
2653 
2659 
2689 
2691 
2700 
2704 
2711 
2712 
2721 
2724 
2744 
2750 
2759 
2761 
2765 
2769 
2797 
2803 
2804 
2813 
2815 
2821 
2822 
2823 



ACOGGCA DJGAUGAGGCCGAAAJGGCOGAA AAADGOA. 
CADUGOG OX5AIXS\GGCX£AAAGGaDSAA ACACOGG 



MOGOCA 
ACCGCDG 



C0GADGAGGCCGAAAG3COSAA 
C 0 G gy jS Jtf 3gO0GM^AGaO0GR& 

uugggca casans^GGOSSAAftGGcasui ADCCCCa 

CAAGGCA OXSVTOAGGCCGAAAGGCOaA AGC0TOG 



ACAAGAG 
AGGACAA 
ACAGGAC 
CAAACAG 
AAADGCA 
GAAADGC 



COGADGAGGOOGAAAGGv 
COGAOGAGGCOGAAAGGCCGAA 
COGSTO3AGGOOGAAAG30GGA& 
Ca3AD3U3GOOSAAAG3COGAA 
OTGADGAQGCCG&AAGGOCQAA 
CDGADGAGGCCGAAAGGCCGAA 
COGATOAGGCCGAAAGGOCGAA 



Ai 

ACAAGGC 

aggroa 

ACAAGAG 



AACAGGA 



UCCCACT 
ADAGOGC 
GCDGCAA. 
GAGCUGC 
GAAAOT3 



C0GCAGG 
AC0GCAG 



COOGCAG 
CC0CCAA 

G acaj cc 



AAGCOGG 
CCCUCCA 
COCO O CC 



ACAOGOG 
CQACACA 
GC0OGOC 
AGAGOSA 



aX2UX2AGCXOQUJU39COGAA 
GAiAJLUAGGCOGMAGGCOGAA 
C03MJGAGGC0GAAAG300G&A. 
C0GADGAGGCCGAAAG3CCGAA 

ODGa i i a ysgooGMaGSoasMi 

CTOATOAGGCCGAAAGGCaSUV 
CTJ3MGAGGCOGAAAGGOCGAA 
COGAJ0GAGGCCGAAAGGCCGAA 
aJGAEXSAGGOOSAAAGGCOGAA 

coGADsaGGOO SM U tf aoao sM w 

C0GAD3AGGO0GAAAGGCOGAA 
CTGA03AGGOOSAAAGGCCGAA 
C PGAD GAGGCCXSAAAQGCCGAA 
COGATOAOGCOGAAAGGCaSAA 
CTGATOAGGOCGAAA3GCCGAA 
CTGAIX5AGGOJGAAAGGCOGAA 
CTOADGAGGC30GAAAGGOOGAA 
aX3ATOAGGC03AAAG3COGAA 
COGATOAGGCaaAAGGCOSAA 
QX3ADGAG0O0GAAADGCCGAA 



AADGCAA 
AAADGCA 
AGCDCCC 



VM1 t-t. 



AACDGGA 
AAACOQG 
ADCACOG 
ACCCOSA 
ACCDDGG 

aeaccou 

AGOCCDC 
AGGGAGCT 
AGCDGQG 
AAOCDQ3 
A( OTJQC 



ACACACA 
ACACADA 
AGCOOGO 

ACAGAGC OTGATOAGGCCGAAAGGOCGAA AGAGCOO 



W • tliJ • cm • 



CO3AZX2AGQO0GAAAGGCCXSIA ACAGAGC 
GAACCA0 aX5AD3ftGGOC3GAAA33aa3UV AUOGCAC 
XX3CAGOG C0GADGAGGCOGAAAGSG0GAA ACCAJJGA 



VAAG3COGAA Ai 

AGCCCAA CDG?tfXSAflGOO GA AAGGOOGAA AGGOCAA 
GAGCOCA OXSADGAGGOCGAAAGGCaaVA 
UGAGCCC C0GAXX2U 
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2829 
2837 
2840 
2847 
2853 
2860 
2872 
2877 
2899 
2900 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
2914 
2915 
2916 
2917 
2918 
2919 
2931 
2933 
2941 
2951 
2952 
2955 
2956 
2961 
2962 
2965 
2966 
2969 
2975 
2976 
2977 
2979 



ADCACOT 
GOGGGAG 
GAGGOGG 
GGAGGCO 
UACOCAG 
UOCCAGC 
GUGAGCC 
G0GOOGO 
AAAADCA 
AAAAADC 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
GAAAAAA 
USAAAAA 



CDGAIX3AGGCCGAAAGSCCGAA 
COGADGaGGOCGAAAGSOOGAA 
C OSADSA GGOOGAAAGSOO G AA 
COGADGAGGCCGAAAGGCCGAA 
C0GADGAGQCOGAAAGGO03AA 
CXX3AOGAGGCCGAAAGGCOGAA 
CQGADGAQGCOGAAAGSGOGAA 
COGATCAGGCCGAAAGGCCGAA 

LAAGSCCGAA 



AGOC CA A 
ADCAC0U 
AGUAUCA 
Al 
Al 



ADGGOCC 



AD0CGOC 
AADOOGC 



COGAEGAGGCOGAAAGGCCGAA 
CTOADGAGGCCSAAAGGfOCGAA 
CTOAOSAGGCCGAAAGGCOGAA 
CDGADGAGGaCGAAAGGOQGAA 



COGATOROGCOSAAAGGCCGAA 
aX3ftDSA0GCaSAAMGO3GAA 
CDGWOGAGSOOSAAAOSOO GA A 

lA 
AA 



OCOGAAA 
COCOGAA 
OCOCOGA 
GUCOCOG 
OGOCOCD 
GOPQOGA 
A D500GC 
OCOGGQC 
ACAAAOG 
CACAAAG 
UAACACA 
COAACAC 
ABUAACU 
OAOTAAC 
CUUUAUU 
OCOOQAD 
AAAGCUD 
GOUGAGA 
AGOOGAG 
CAGOUGA 



CUGrUDGAGGQOGAAAOQQOGAA 
CUGAXJGAGGQ0GAAAG5QCGAA 
OT3AIX3AGGCCGAAAGQCCGAA 
COGAaSAGGaaSAAAGSOOGAA 
COSADGAGGCCGAAAGGOaaA 
CDSAO3AGGC0GAAAGS00GAA 
COGHXjAGGOOGAAAGGGOGAA 
CPGA03A G3 Q CGA AAGGCCGAA 
COGADGAGGCCGAAAGGCCGAA 
COGATOAGGCCGAAAGGCOGAA 
OTGADGAGGOOGAAAGGOOGAA 
COGADGAGQOOSAAAGGCOGAA 
CBSADGAGGCGGAAAGG3GGAA 
C03ADSAGGCCGAAAGQCCGAA 
COGADGAGGCCGAAAGGCCGAA 
<33GADGAGGCCGAAAGGCX2SAA 
CUGADGAGC3QOGAAAGGOOGAA 
CDGADGAGGCCGAAAGGCCSA 
COGA03AGQCCGAAAGGCCGAA 
COGADGAQGOOGAAAGGOGGAA 
COGAIX2AGGCXX3AAAGGCCGAA 
COGA0GASGCCGAAAGC3CCGAA 



AAAADCA 
AAAAADC 
AAAAAA0 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AAAAAAA 
AOCOOCT 
AGAOOCC 

% 1 I lilt w » 

AG OCOGS 
AAG OCOS 
AGGAAGU 
AAGGAAG 
ACACAAA 
AACACAA 
ACOAACA 
AACQAAC 
ADDAAOT 
AGCOOQA 
AAGCDUU 
AAAGCOU 
AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 



nL Position Ribozyrne Sequence 

■ 

11 CAACGOT COGADGAGGCCGAAAGGCCGAA ACCAGGG 

23 AGCAGAG Ca3ADGAGGcaSAAAGGCa»A ACCACOG 

26 AGGAGCA CDGAOSAGGCCGAAAGScaiAA AGAACCA 

31 UGOGGAG CDGOTGAGGCOSAAGGCCGAA AGCAGAG 

34 CGACCCU OXMEAGGCIXAAAGGaCGAA ADGAGAA 

40 AGGCOAC COGADGAGGCCGAAAGGCCGAA AGOGOGC 

48 CCAGQCO COGMXgWQGCOGAAAQgOO G Aft AGG O OC O 

S4 CCADCAC COCHADGAGGCOGAAAG30CGAA AGGCCCA 

' 58 GGAGCOA OJUAUUAGGCCnAAAGGCCGAA. AGGCADG 

64 C DGCD 0 3 C0GADGAGGC0GAAAGGCQ2A AGGQG OG 

96 GGGCCAG 03GAIX2AGGCCXSAAAGGCCGVA AGCAGAG 

102 CCAGCAG COGADGAGGCCGAAAGGCCGAA ACOOGCA 

103 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 
115 AGGAGCA COGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DC COQGD CI3GATXIAGGCOSAAAGGCCGAA ACADOCC 

120 GGGCCA G COGADGAGGCCGAAAGGCCGAA AGCAGAG 
146 GGAAGCG COGADGAGGCOGAAAGGCCGAA ACGACDG 

152 AGOGGCa COGAIX5AGGCCGAAAGGCOGAA ACACAGA 

153 GGOOOOa COGADGAGGCCGAAAGGCCGAA AACAGGA 
165 GCAAAAC COGATOAGGCXEAAAGGCCGAA A C0OCOG 
168 GGGGCAG G3GADGAGGCCGAAAQGCOGAA AAGGCDO 
185 COGCACG COGADGAGGCCGAAAGGCCGAA ACCCACC 
209 . GCCAGAG C0GADGAGGCCGAAAGGOOGAA AAG0QGC 
227 GCAAAAC COGADGAGGCCGAAAGGCCGAA A CPOCDG 
230 . GGAGCAA. COGADGAGGCCGAAAGGCCGAA ACAACUU 
237 ' AGUUCOC CDSADGAGGGOGAAAGGOGGAA AAGCACA ' 
248 UUQAGGA COGADGAGGCCGAAAGGCCGAA ADGGGUO 
253 OCDOCCa COGADGAGGCCGAAAGGCCGAA AQSCAGG 
263 CAGDAGA COGADGAGGCCGAAAGGCCGAA AAACCCO 
267 DAGGCAG COGADGAGGCCGAAAGGCCGAA AGCCCCU 
293 CAGCOCA COGADGAGGCCGAAAGGCCGAA ACAGCUU 
319 GGCOCAG COGADGAGGCCGAAAGGCCGAA ADC0CCD 
335 GUUCOCA aXSADGAGGCOGAAAGGCCGAA AGCACAG 

337 CAGOGOG COGADGAGGCCGAAAGGCCGAA ADUGGAC 

338 OCAGCDC COGADGAGGCCGAAAGGCCGAA AACAGCD 
359 AGCGGAC COGADGAGGCCGAAAGGCCGAA ACOGCAC 
367 CGGGOOG COGADGAGGCCGAAAGGCCGAA AGCCAUU 

374 GGGCAGG CU3ADGAGGC0GAAAGGC0GAA AGGCOOC 

375 GGGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCDO 
378 ACAOGGU CTGADGAGGCCGAAAGGCCGAA ADGGOAG 
386 AAACGAA COGADGAGGCCGAAAGGCCGAA ACACGGO 
394 AGAOCGA COGADGAGGCCGAAAGGCCGAA AGOOCGG 
420 OGGGGGG CIXSATCAGGCCGAAAGGCCGAA AAGOGOG 
425 COGCOC-G COGADGAGGOCGAAAGGOOGAA AGGGGUG 
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427 CACUGCT COTADGAGGCCGAAAGGGCGAA AGAGCOG 

450 GCAGGOT OX3ADGAGGCCGAAAGGCCGAA AQSOOC P 

451 CAAAGGA aXSUDGAGGCCGAAAGGCCGAA A GGOOOC 
456 AG3GGCO Q7GADGAGGCCGAAAGGCCGA& AGGGOAA 
495 ACACQGU CUGADGAGGCXXSttAGGCCGAA ACG30AG 
510 CCCCACG aXSADGAGGCCGAAAGGCTGAA AGCAGCA 
564 GGACGGA CUGAJJaAGGQOGAAAGSOOGAA ACCOGAG 
592 CCCAEGU CGGADGAG3CGGAAAGGCC3AA ACCGDOC 
607 CADGAGA OXSU3GAGGCCGAAAGGCCGAA ADOGGCU 

609 GGCADGA COGADGAGGOZGAAAGGCCGAA AAADOSS 

611 GCGGGAU CPSADGAGGOOGAAAfjGCO GA A AGAAADO 

656 CAGCDCA OT3AJDGAGGCCGAAAGGCCGAA ACAGCCa 

• 657 OCAGCDC C33GADGAGGCCGAAAGGCOGAA AACAGQJ 

668 GGDGGCC COC^DGAGGCCGSU^GGCCGAA AG GC UC G 

677 AGGCOGG QXSMJSAGGCCG&AAfiGOQj A A AGAGGOC 

684 AGGACOG aXPJDGAGGCOGAAAGGCCGAA AGCOGAA 

692 AAGADCG OTADGAGGCCGAAAGGOCGAA AAGODCS 

693 GCAGGGU CXJ3ADGAGGGCGAAAGGCGGAA AGGUCOJ 
696 GAGGCAG COGADGAGGCCGAAAGGOCGAA AAACAG3 
709 UGAGGOG CR2ADGAGGCOGAAA3GCGGAA AGOOGCC 
720 AGCOGAA COGADGAGGCO»AAGGCCGAA AG OOGOA 
723 CGGAGCU CUGADGAGGCOGAAAGGCCGAA AAAAGOO 
735 CCOCCAG CDGADGAGGCOGAAAGGOOGAA ADCUGGO 
738 CCADCAC CDGAIXSAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGOG COGADGAGGCOSAAGGCXX^ ACGACOG 

769 GGCAGGA COSADGAGGCOGAAAGGOOC3AA ACAGGCC 

770 UUCCAGG COGADCSU3GCCGAAAGGCCGAA AGCAAAA 

785 GGCAGGA. COGADGAGGOOGAAAGGGOGAA ACAGGCC 

786 AGGGAGG CDGMXS^GGCCGAAAGGCCGAA AACAGGC 
792 COOCCGA CUGAOGAGGCCGAAAGSCCGAA ACCUCCA 
794 AGUCDCC CUGADGAGGCCGAAAGGCCGAA AGCCCAG 
807 CCAGGOA COGADGAGGOOGAAAGGCOGAA AOOOGAG 
833 GGGOGOC C0GADGAGGCCG&AAGGCOGAA AGCUOOG 
846 CAAOGOT OX3AIJGAGQOCGAAAGGCCGAA ACCAGGG 
851 GCOGGDA CDGAIXIAGGCCGAAAGGCQGAA AGG O O O C 
863 CCAGAGG CDGATOAGGCCGAAAGGCCGAA AGOGGCO 

866 GGGCAGG OK3aiK3AGGCXX3AAAGGCCX3AA AGGCCOC 

867 UCOCCGG GX3ADGAGGCOGAAAGGCOGAA AAOGAAU 
869 CUUGCA.U OJGAXXSAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGOD OTGADGAGGCOGAAAGGCCGAA AAGCCAU 
885 CCACCOC CUGAOGAGGCCGAAAGGOCGAA ACCAAGG 
933 CCAGAAU COGATOAGGCCGAAAGGCCGAA AUUAOAG 
936 GCACCAG OX3ADGAGGCCGAAAGGCOGAA ADGADOA 
978 AGOOGOA CXIGADGAGGCOGAAAGGCCGAA ACO GODA 
980 • AAAGUDG CUGADGAGGCCGAAAGGCCGAA AGAC0GO 

986 AGCOGAA CIJSAQGAGGCOGAAAGGCCGAA AGOOGOA 

987 GAGCOGA CIXSMGAGGCOGAAAGGCCGAA. AAGO0GO 

988 GGAGCtfG CJGAOGAGGCCGAAAGGCCGAA AAAGGOG 
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1005 UCOCCAG C0C3UX3AGGCCGAAAGGCCGAA AUCDGGU 

1006 DUCCCCA C0GAXX3U3GCCGAAAGGCCGAA AOXJUCA 
1023 CUUCCGA CDGADC3VGGCCGAAAGGCCGAA ACCTOCA 
1025 CCCOOOC OX»D3AGCXXX3lAAGGCCGAA AGACCOC 
1066 OOAOOOa OX3AIX2U3GCCGAAAQGCa^ AGAGUGG 

1092 GGCCOGA CJUGAiKAGGOOGRA A GGaOGAA ADCCAGU 

1093 OOGSC0G aX3MXSU3GC03AAAGGCCGAA AGGOCCA 
1125 UCAAGAA COGA03iGGOCX3ftAAGGOOGAA AG OO QQG 
U63 GCAAAAS CDG&DGAGGOCGJUUUXjCGGAA AQC0UCG 
U64 AGCAAAA C3XSMX3U3QC033UUU3aX3^ AAGCOOC 
1166 AGftGCAA COGAtXaOGCOaUlAOOCCGAA AGAAGCtJ 
1172 GGOOO0O COGADGAGGCCX^AAGGOCGAA AACAGGA 

1200 UGOGGAG CDSAIX3AGGCCGAAAGGCCGAA AGCAGAG 

1201 COGOOCA CPSMPGaGG00GMtf^GGOC3BA. AAOC&QC 
1203 ACOGGTO CH3U33U3G00GAAAGGQCGAA AAAAAGtf 

1227 GCACACG CtlGAUGA GGCCGAAAGGCCGAA ADGOACC 

1228 AGCAAAA CDGADGAGGCCGAAAGGCCGAA AAGCOOC 
1233 CDCOOOG COGAIJ3AGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA COGRDG3 M3GCOG&&&3QOOGRA ACAGCAC 
1264 CUOGCAC COQATOAGGCOGaAAGGCCGAA ACCOJOC 
1267 OUCCOCA CTOADGAGGCXXSAAAGGCaSVA ACOCOCA 

1294 GGCOCRG CDGAI3GAGGCCGAAAGGCCGAA AD C0OCB 

1295 COGCOGA CTCADGAGGCCGAAAGGCCGAA ACCCCDC 
1306 CAUUUCA ajOAUGAGGCOGAAAQGCCGAA AGOCDGC 
1321 OCCCCCU CTCADGAGGCOSAAAGGGGGAA AGCCOOC 
1334 UUOAGGA OTGADGAGGCCGAAAGGCOSAA ADGQGOT 
1344 CAOTCUC CXJGADGAGGCCGAAAGGCCGAA AQCDCAD 
1351 UAACDUA COGADGAGGCCCSAAGGCCGAA ACADDCA 
1353 CACCUUC CCCAD3AGGCC3GAAAGGOCGAA ACCCACD 

1366 AGOOGOA CXX2AIX3AGGOQGAAAGGOOGAA ACOGUUA 

1367 AGGOGGG OX3AIX3WRXX33AAAGGCC^ AGGOGCO 

1368 AGAGDGG CDGADGAGQCTGAAAGSCXGAA ACAGOAC 
1380 OCAOOOC CDG3UXSAGGOCGAAAGGOOGAA ADGGGCA 
1388 AGCCAOJ COTAOGAGGCCGAAAGGCXX3AA AGOC0CC 
1398 GUUCUGU OX3A03AGGCOGAAAGGCCGAA ACAGCCA 
1402 AGUCCOC COTADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCOCCCC OT3ADGA0GCO3AAAGGCCGAA ADCDOGC 
1410 CCCDDCC COGADGAGGCCC3VAAGGOCGAA AGACCUC 
1421 ACAAAAG (3XjA03AGGCGGAAAGGOOGAA AGGOGGG 
1425 COCOACC CXGAIGAGGCCGAAAGGCGGAA AGQCAGO 
1429 CAGGGGC CCX2AIX2AGGCCGAAAGGCCGAA AIIAGAGA 
1444 DCCOCOJ CDGADGAGGCCGAAAGGCCGAA AGCCOOC 
1455 OCCOGOT OTGADGAGGCCGAAAGGCCGAA ACADDCC 
1482 GGGAGGA COGWXaAGGCCGAAAGGQQGAA AACAACO 
1484 CADGAGG CDGRXXaAGGOOGAAAGGOOGAA AGAACAG 
1493 GUUCUCA CDGAIXIAGGCCGAAAGGOCGAA AGCACAG 
1500 GGACCAU OTGADGAGGCCGAAAGGCCGAA AUUOCAU 
1503 GAAOGAO CCXSAUGAGGCCGAAAGGCOGAA AHAGDCC 
1506 CGGUUAU CIKAUGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGO COSAEGAG£CCGAAAGGCCGAA AUGGOAG 

1518 CGCCDGG CUGAIX*AGGC03AAAGGCa3AA ACCADGA 

1530 CCAGAAD CTGADGAGGCCC^AAGGCDGAA ADUADAG 

1533 GGCCCAC C0GADGAGGGCGAAAGGO0GA& ADGACCA 

1551 AGC0GCO CXX5AIXAGGCCGAAAGGCGGAA AGGCADG 

1559 AGGOGGG C3GADGAGGCCGAAAGGCCGAA ASSBGC g 

1563 GoUUADA CUGADGAGGCCGAAAGGCCGAA AGU3AAG 

1565 GCGGUOA COGADGAGGOOGAAAGGCCGAA AAACAUA 

1567 DGGOGgg OX3VDGAGGCCGAAAGGCCGAA ADAAACA 

1584 ADAOCCa CUGADGAGGCCGAAAGGCOGAA AUCUUUC 

1592 UAACOUG CDGAOGAGGCGGAAAGGCCGAA AJDADCCU 

1599 CUJUOJ G GOG&JGAGGGCGAAAGGCGG&A AACOTOT 

1651 GCOCAGG OT3A03AGGOOGAAAGQOCGAA AGGOGGG 

1661 CAAAGGA CD GM XaftGGCOGAAAGGOOGAA AGGOOUC 

1663 UOCAAAG CDGATCAGGCCXiAAAGGOOGAA AAAGGOT 

1678 CCAGGCO COGMJGAGGCCGAAAOSCCGAA AGGOG CD 

1680 CCAGAGG OKSAIXSAGGCCGAAAGGOOGAA AGOGGCU 

1681 GCCAGAG COGADGAGGCCQIAAGGCOGAA AAGOGGC 
1684 ACAGCCA COGADGAGGCQ SA AAGGCOGAA AGGAAOT 

1690 AGAD0G& OX3JXSiOaoCXSaiSiGSCaS?A AG0O0QG 

1691 AAGADCG COGATOAGGCCGAAAGGCOGAA AAGOCOS 
1696 CCACCCC OTGADGAGGCCGAAAGGCCGAA ADGGGCA 
1698 CDCCAGG CO CT DGAGGCOGAAAGGOOGAA ADADCCG 
1737 GCOGGQA COGABGAGGCCGAAAGGCOGAA A GSPCOC 
1750 DGAGGOG COGM)GAGGOCG&AAGG003AA AGOQGCC 
1756 GGGCAGG OTGAIX3AG30CGAAAGGCCGAA AOGCDOC 
1787 UGGGGAC CUGALKSAQGCCGAAAGGCOGAA ADGOCUC 
1790 ADUAGAG CDGMX2AGGC02AAAGGCCGAA ACAADGC 
1793 UCCAGCC COGRPGAGGOOGRAAGQOOGMl AGGACCA 
1797 UDOADGO CUGADGAGGCOGAAAGGCCGAA AOJGGUG 
1802 UCOCCAG OX3AUGA3GCOGAAAGGCCGAA ADCDGGO 

1812 GGOCDGA OT3MX5AGGCCGAAAGGOCGAA ADCCAOT 

1813 UGAGGGD" CUGAJUGAGGCOGAAAGGGCGAA AADGCDG 
1825 GCAGAGG COGADSAGGCCGAAAGGCOSAA AOQGUGG 
1837 GGAGCOA CTOAO3AGGCCGAAAGGC0GAA AGGCADG' 
1845 GG0GGCC OT3ADGAGGCCGAAAGGCCGAA AGQODOG 
1856 AAGADOG aXMXSAGGCOSAAGGCa»A AAGOCCG 
1861 DACOSGA CTOADGAGQCXX3UVAGGCOGAA ADC AD GU 

' 1865 CUGAGGC CTOADGAGGCCGAAAGGCOSA ACAAGOG 

1868 UUUAUGU CTOftTOAGGCCGAAAGGCCGAA ACOQGDG 

1877 AGCTOCO CDGMX3AGGCCGAAAGGCCGAA AGGCADG 

1901 GUCCCOO OX33TOAGGCCGAAAGGCCGAA AGUDUUA 

1912 ACOGADC CDGAIXS^GGCCGAAAGGCCGAA ACOADAD 

1922 UAACODA CDGADGAGGOOGAAAGGOOGAA ACADOCA 

1923 GADAOCX7 QJCTTCAGGOOGAAftGGOCGAA AGCADCA 
1928 CDGGOAA COGADGAGGCCGAAAGGCCGAA ACOCOAA 
1930 AGC0GGO COGAEXaAGGOO&AAGGOCGAA AAACOCU 
1964 UGGGGAC OXSOXPjGGCCGWIAGGCCG^ AUGOCUC 
1983 UAACUUG CUGAIXSAGGCaSWJGGCCGAA AZJADCOJ 
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1996 GGCUCAG CDGADGAGGCCGAAAGGCCGAA ADCOCCU 

2005 GGOCCGC COGADGaGGCCGAAAGGCCGAA AGCTJCCA 

2013 UACOCAA aXS0XSU3aC33SAAAGGCCSAA AAADAGC 

2015 ccacccc axaaGaGscasuuGGoasu, adgggca 

2020 CUCAGAA CDGADGAGGCCGAAAfiGCCGAA AACCACC 

2039 CCOCDGC COGADGAGSCOG&AAGGCCSAA AGCCAGC 

2040 CCOC CA G aXSADGAGGCCSAAAGGCOGAA AGGOCAG 
2057 GGADGOG COGADGAGGCC3AAAGGCCSAA AOSGCA 
2061 AOMOGOT COGADGAGGCCGAAAGGCCGAA A DG SOAS 
2071 COGAGGC OT2ADGSU^CCC^AAG3CCGAA ACAAGOG 
2076 UAGCDCD OX3KX3U3GOQGAAAG3CCGAA AGGCUAC 

2097 CADCAAG CDGADGAGGCCSAAAGGCCGAA AGAGOOG 

2098 CGGGGGG ODGADSUOOOO^AAOGCOGAA AAGOGOG 
2115 ADCCOCC CtXIAIXSAGGCOoAAAGGCCGAA AGCOGGC 
2128 CUCAADA aXMXSAGGCaaaAAGQOOGAA ADAGCOG 
2130 GAGGCAG COGADGAGGCCGAAAGGCOGAA AAACAGG 
2145 CADCAAG aJ3ADQ\QGCCGAAAGGCCGAA AGAGOOG 
2152 AACOCOA CTO30X3AGQCCX3AAAGCXX3GAA ADGEAADA 
2156 UAAUAAA CTOADGAGQCCGAAAGGCCGAA ACADCAA 

2158 ADUAADA aX^OXSAC^XSVAAGGCCGAA ADACADC 

2159 AADQAA0 C D GS g XaGGO0CSUUtf3GOCSaA AADACAD 

2160 AAADUAA aJGADGAGGOCGAAAGGCCGAA AAADACA 

2162 CUAAADU CDGAIJ3AGGCCGAAAGSSCCGAA AUAAADA 

2163 AAOOAA0 axaDGAGGCaSAAAGGCOSAA AADACAU 

2166 AAQAGAG aJGMX^GGCXCSlAAGGCCGAA ADGAAGO 

2167 AADCAAU COGATCaGGCOGVAAGGCXX^ AAOACA0 

2170 COAAADO COGADSAGQCCGAAAGGCCGAA ADAAADA 

2171 GGGAGCA GJGADGAGGCCGAAAGGCJCGAA AACAAOT 

2173 COGGUAA COGADGAGGCCGAAAGGCCGAA ACOCUAA 

2174 GCOGGDA CCX3ADGAGGCCGAAAGGCCGAA AACDCUA 

2175 AGCOGGO OXJATCAGGCCGAAAGGOCGAA AAACDCO 

2176 UAGCOGG OJG3VDGAGGCCGAAAGGOOGAA AAAACDC 
2183 CAADAAA (JUJAUUA GGCCGAAAQGCOGAA AGCOGGO 

2185 CDCAAUA CDGADGAGGCOSAAGGCCGAA AUAGCOG 

2186 ACUCAAU aJ3ADGAGGOOGAAAGGCa»A AAUAGOT 

2187 UACOCAA OJGADGAGGCXGAAAGGCCGAA AAADAGC 
2189 GGOACOC COGADGAGGOCGAAAG500GAA ADAAADA 
2196 CADCAAG C3X3ADGAQGCX23AAAGGCCGAA AGAGODG 

2198 AACAHAA C0 GAD GR GG0OGAAAGGCOGAA AGQC 0 GC 

2199 AUAAACA COGAUGAGGCOGAAAGGCCGAA AAGAGGC 

2200 COOGCAO CDGRDGAGGCOGAAAGGOGGAA AGGAAGA 
* 2201 GCCGACA aXSAOGAGGCa^AAAGQCOGAA AAAACOO 

2205 UCAGGCC COGADGAGGCCGAAAGGCCGAA ACAOAAA 

2210 AGCCACD CX3GADGAGGCCGAAAGGCOGAA AGUCOCC 

2220 AGAGAAC COGADGAGQCOGAAAGGCOGAA ADGCCAG 

2224 GGADQGA CDGADGAGGCCEAAAGGCOGAA ACCOGAG 

2226 GCGGCCD OX3AIX3AGGCOGAAAGGCXX3AA AGAUCCA 

2233 CCOCCAG COGATXjAGGGCGAAAGGCCGAA AGGCCAG 

2242 GGOCCGC CUGADGftGGCCGAAAGGCCG.~A> AGCUCCA 
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2248 OGGGADG COSADGAGGCCG^AAGGOCGAA AUGGADA 

2254 UCAGOGtJ CD3AOGAGGCOGAAAGGCOGAA AAXJOGGA 

2259 CACCGUG C0GADGAGGCCGAAAGGCC3AA ADGOGAO 

2260 GCAOCGU COGATOAGGCXGAAAGGCOSAA AADQOGA 
2266 OC C P G CT aXStfXSAGGGOGAAAGGCO G AA ACAtKJCC 
2274 OC O CCAfi CDGaDGAGGCC G AAAGGCC GA A AD C 0 GG0 
2279 COUGCAC CTOATOACGCCGAAAOXXXaA ACCCUDC 
2282 CAGCUCA COGADGAGQCOGAAA GG CO GA A ACAGCOC7 
2288 AGGCCAU aX3ADGAGG02£UVAGGCCGAA ACUUADA 
2291 AGCAGAG Ca2ADGAGGCCGkAAGC»XGAA ACCACOG 
2321 CCCMJSO CDGMXSaGGCOauUUSGOCX^ ADCD00C 

2338 CAGGCAG COGRDGAGGCCCAAAGGCOGAA AG U CU CA 

2339 CAAAG3A COSAHjAGGCCGAAAGGCGGAA AGGOOOC 
2341 AGGCDGG CDGADCaGGCQGAAAQGCOGAA AGAGGOC 
2344 GCOGGAA C0GAD3AGGQGGAAAGQCCGAA. ADCGAAA 

2358 COGCOGA COGADSAGGOOGAAAGGOSGAA AGCOGGG 

2359 0C0GOOC OJUMJL^ GCgG&AAGGCOSUV, AAAGCAG 

2360 UUCAAAG CDGACGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG COGAIX31GGCCGAAAGGCCGAA ACCACCU 

2377 CDCAGAA CXJSAOGAjGGCOGAAAGGGOGAA AACCACC 

2378 CAGUAGA CB3AD3AGGCCGAAAGGC0GAA AAACCCO 

2379 COUADGA CDGADGAGG30GAAAGGGGGAA AAAAGCA 

2380 GCCGACA CDGADGAGGQCGAAAGGOCSAA AAAACUU 
2382 GGGGCAA COGMJGAGGCa»AAGGGOGAA AGAGAAO 
2384 0OG0GOC COGAPGAGGCGGAAAQ GOO G A A ACOGGAU 
2399 GOCCACA C0GADG&GQCOGAAAQGCOGAA AGOGDOO 
2401 CAGCOCA COGADGMGOOGAAAOQCaGAA ACAGCUU 
2411 GCADCCO CDGAIX5AGGCCGAAAO3O0GAA ACCAGUA 

2417 ACGOADG COGADSAGGOOGAAAGGGOGfJL ACCADUC 

2418 GGCCOGA C0GMX3AGGCCGAAAGGC0GAA ADCCAGU 

2425 AACCCDC COGAU5AGGCOGAAAGGCCGAA ACCCADG 

2426 AAACOCO COGAIJGAGGCCX^AAGGOCGAA AAOTAACJ 

2433 GCOGGOA OXS«XaGGCa3AAAGGCXX33A AACUCQA 

2434 AGCCJGGU C OGADGR QQOOGAAAGGOOGAA AAACOCO 

2448 GGGCAGG OX3AXX3AGGCa»AAGGCOGAA AGGCOOC 

2449 GGGGCAG CDGA3CP3AGGCCGAAAGGCXX3AA AAOGCUU 

2451 AGGCAGG C0SAIX3AGGOOGAAAGGGOGAA AACAGGC 

2452 GAGGCAG CDGADGAGGCCGAAAGGOOGAA AAACAGG 
2455 GGGCAGG aX3ADGAGGCGGAAAGGCCGAA AGGCOOC 

2459 GGGGGGG CUGADGAGGCOGAAAGGCGG&A AG0GOGG 

2460 GGGGGGG OK3AIX3AGGCCGAAAGGCCGAA AAGOGOG 

2479 GCOGGOA CDGADGAGGCCGAAAGGOOGAA AGGOCOC 

2480 GGADCAC COGADGAGGCGGAAAGGCCGAA AOGGO G A 

2483 GGOGGCO OJGA0GAGGCCGAAAGGOOGAA ACADOGG 

2484 GACOGSa CDGADGAGGCCGAAAGGOOGAA AAAAAAG 
2492 AGGOGGG COGADGAGGCOGAAAGGCOGAA AGGDGCU 
2504 ACAAAAG CDGADGAGGCX^JUVGGCCGAA AGGOGGG 

2508 TOGGADG COGAI3GAGGCCGAAAGGCCGAA AOGGAUA 

2509 COGGOAA ajEUDaiJKXXXSAAAGGCXX^ ACOCUAA 
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25X0 GCOGGOA. COGADGAGGCCGAAAGGCCGAA AACOCOA 

2520 CADOGGG C3XSATCAGGCCGAAAGGCCGAA ACAAAAG 

2521 OGAGGGU COGADGAGGCCGAAACS3CCGAA AADGCDG 
2533 GAUACCO C0GADGAG3COGAAAGGCOGAA AGCADCA 
2540 CACAGCG CTS M X 3 tfS30CGAAaGSC0G&& ACCGCOG 
2545 AGGACCA CTCSU3GAGGCCGAAAGGCGGAA ACAGCAC 
2568 UUUGACA OXaDGAGGCCGAAAGGCCGAA ACUDCAC 
2579 CAGGCCA CDGAXXZU3GG0GAAAG5C0GA& AACDUA0 
2585 AGAGAAC OTGAIX^GGCCGAAAGGCCGAA ADGCCAG 
2588 ADUAGAG UJGAUiAGGCCGAAAGGCOGAA ACUDGC 
2591 , AGGAGCA COGADGAGCXXX^AAAGGCOSAA AGAACCA 
2593 GCAGAGC CDGAt3GAGGCCGAAAGGCCGAA AAAGAAG 
2596 CADOGGG COGAIX3AGGOCGAAAGQCOGAA ACAAAAG 

2601 AAAOGAA OJGADGAGGCCGAAAJGGCCGAA AC5CGOT 

2602 GGGADGG CUGAIXSAGGCCGAAAGGCCGAA AGC0GGA 

2607 CCAGGOA COGADGAJ3GCCGAAAGGCCGAA ADCCGAG 

2608 CACAGCG COGADGAGGCCGAAAGGCCGAA ACDGC0G 

2609 UCCOGGO COGADGAGGCCGAAAGGCCGAA ACADUCC 
2620 GCAGGGO COGADGAGGCCGAAAGGCCGAA A SSO0C0 
2626 GCOGGAA COGADGAGGCCGAAAGGCCGAA ADCGAAA 
2628 AGGCOAC OT3ADGAG3CCGAAAGGCCGAA AGOGOGC 
2635 AGGAOCG COGADGAGGCCGAAAGGCCGAA AGCOGAA 

2640 GGCAGGA COGADGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CO G COS t COGADSAGGCGGAAAGGGOGAA AQC O GGG 

2642 GAGGCAG aXSATCAGGCCGAAAJGGCCG^ AAACAGG 
2653 GCAOCCD COGADGAGGCCGAAAGGCCGAA ACCAGOA 
2659 v COOGCAC CXXaADGAGGCCGAAAGGCCGAA AOCCOOC 
2689 CCOCGGA COGADGAGGCCGAAAGGCCGAA ACADDAG 
2691 GGCCDCG COGADGAGGCCGAAAGGCCGAA AGACAOT 
2700 GGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCUUC 
2704 ASSC0GG COGADGAGGCCGAAAGGCCGAA AGAGGOC 

2711 COGCOSl COGADGAQGCCGAAAGGCOGAA AGCOGGG 

2712 COC P 0CC OX2ADGAGGCCGAAAGGCCGAA AGACCOC 
2721 COOGCAC C0C5tf*2AGGCCGAAAGGCCGAA A CO C 00C 
2724 GCACACG CDGAD3AGGOOGAAAGOCCGAA AUUUAOC 
2744 COGCACG CDGATOAGGCCGAAAGGCCGAA ACCCACC 
2750 GGOACOC COGADGAGGCCGAAAGGCCGAA ADAAADA 
2759 AGADCGA COGADGAGGCCGAAAGGCCGAA &S0O0SG 
2761 GCAGGGU COGADGAGGCC G AAAGGCCGAA AQG 0 CC0 
2765 AGCGGCA COGADGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCOGODU COGADGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAD OT3AD3AGGCCGAAAGGCOGAA ADUOCAD 

2803 CGCCOGG COGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 COGCACG COGADGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG COGADGAGGCCGAAAGGCCGAA AOCGGAG 
2815 AAAGOOG COGADGAGGCCGAAAGGCCGAA AGACOGO 
2821 CCOCCAG OXSADGAJSGCCXLAAAGGCCGAA AGG0CAG 
2322 AAGOCCG CUGAJDGAJGGCCGAAAGGCCGAA AGGC5CC 
2823 "JGGGAGC COGADGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 AD3SJUA CDGADGAGGCCGAAAGGCCGAA AGOCCAG 

2837 DCAGAAG CXK2ADGAGG03GAAAGGCCGAA AOCACCU 

2840 CAGGCAG aX5MX3U3GCXC3UgW3O00GAA AGOCOCA 

2847 GG O G GCD OXaJJCWSGCCCS*^^ ACADDGG 

2853 AACADAA CPGADGJU3GCCGAAAGGO0GAA, AGGCOGC 

2860 OCACAG0 COGADGAGGCX3GAAAGCXX3GAA A CDOSG C 

2872 CUUOGCa CDGAOGAGGCCGAAAG3COGAA AAGGUCC 

2877 GOGADGG CTOADGAGGCmAAAGGCCGAA AGCGSAA 
2899 



2900 AAAACDC CTXSAIX3VQGCOGAAAQGCCGAA AAADOAA 

2904 AAOAGAG COGMXaQOCO Gft AftgOODGftA ADGAAGU 

2905 CAADAGA CUGADC5AaXXGAAA3QCXXaAA AADGAAG 

2906 UAADAAA COCg ttX aGBOOGRAMSOC GR A ACADCAA 

2907 AAADOAA OTGADGA03CCGAAAGGCCGAA AAADACA 

2908 AGCAAAA CDCMKAGGCCGAAAG3CCGAA AAGCUDC 

2909 AGAGCAA OTGAOGAGGCOGAAAGGOOGAA AGAAGOJ 

2910 AAADOAA CDGADGAGGC03&AAGGCCGAA AAADACA 

2911 AAADOAA CtX3AD3AGGCCGAAAGGOOGAA AAAUACA 

2912 GACADUA COGADGAOGOCGAAAOGOCGAA AGAACAA 

2913 DGACCAG CDGADGAGGCOSAAAGGCOSAA AGAGAAA 

2914 CCUADGA OX3ADGAGGCCGAAAGGCJCGAA AAAAGCA 

2915 OCOAAA0 ePG&DaAQ GQ CCAAAQQOOGAA AADAAAD 

2916 CDCCGGA OX3ADGAGGCCS3AAAQGCOGAA ACGAADA 

2917 DCUOCGG OJGADGSUSGCCGAAAOCXXXaA AACGAAD 

2918 C U C OC CG C0GADGAOGCO3AAAGGCCGAA AAACGAA 

2919 CGAOCCD COGADGAGGGCGAAAGGCCGAA ADGAGAA 
2931 CUDCCGA QJGADGAGGCC GA AAGQCCGAA At X UC CA 
2933 CCCDDCC CaGADGAGGCCQVAAGGCCGAA AGACCOC 
2941 OGGGGAC COGAOGAGGCpSAAAGGCCGAA ADGOCDC 

2951 GCAGAGG CtX3ADGAGGCXX3AAAGGOOGAA AQCGOGG 

2952 CACAGCG COSADGAGGOOGAAAGGOOGAA AC0GCOG 

2955 DGACACA CDGADGAGGCCGAAAGGOCGAA AGOCACD 

2956 DDGADDC CDGADGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGOGGCD CDGADGAGG03GAAAGGCCGAA ACACAGA 

2962 AADUAAD COGADGAGGOOGAAAiGSOaGAA AADACAD 

2965 CUUUADD CDGADGAGGCOSAAAGGCCGAA ADDCAAA 

2966 CCOCDGC COGADCMGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACOa CDGADGAGGCCGAAAGGCX33AA ADDGAOU 

2975 GC0GGUA CDGADGAGGCCGAAAGGCCGAA AACTJCDA 

2976 AGDAGAG CDGADGAGGCCGAAAGGCCGAA AAOCCDC 

2977 CAGCDCA COGADGAGGCCGAAAGGCOGAA ACAGCDU 
2979 GGCAADA CDGADGAGGCCGAAAGGCCGAA AGAADGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



nt'. 
Position 
U 
23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
102 

108 

if q 

115 
120 
146 
152 
158 
165 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
367 
374 
375 
378 
386 



EE Target leqaeneo 



CTDCCAAU 0 
GCUGAC0U C 

cm cpsoo c 

CrOCOGCD c 
CDGAAGCU C 
COCAAOGCJ A 
GAGAAGCU C 

arcGcep c 

OOS O GOO O 0 
CAABGGCO U 
CC0C0GC0 C 
C O O C O G G P C 

Gsac a sco U 

UCLUACCO U 
GACACOGtJ C 
GOOGOGA0 C 

ccagacoj u 

ACCCGGCa c 
AUUUCDUU C 
0GAACAGU 21 
(3AGOCDU C 
GSGOGGAU C 
CAGOOOCO A 
GACCAAG0 A 
CAAGCOGU U 
CDGAAGCU C 
GGCCCCCO A 
CACDGOCO C 
GAGOCAA0 0 

OAGoaro c 

GAAGCOCU U 
OGGAGGA0 C 
ACOGOQOO U 
OG O QCPMO A 
AAGCUCUU C 
CAGGCAG0 C 
CAADGGCU U 

oaAcccca c 

AGAAGCCO 0 
ACCC A O CD C 
tt EOGOGO U 



GACACDGA 
CDDCOCDA 

ooo c ocpa 



CAAGOCCC 
G0CC0G G3 



OAGCOOCC 
CAACCCG0 
CBGGOCC0 
COGGGGGC 
GGGGAACO 
OGOOOOCA 



O0C80 Q Q C 
GGAAG0CC 
CAGCOCAA 



COPCC O CC 
COGCCUCG 



ADO 
ACPGOGAA 
G O GG GA GG 
GRCAOCCC 
CCDUAGGA 
AGOGGAGG 
DCDCADGC 
C 0 QO C0CG 
CAAGCOGA 
ACAAACGA 
CGAGAACO 
UGGUOCUC 



C0OGGC0O 
CAACOOQD 



OO 0 GOC 0C 



at. 
Position 
394 
420 
425 
427 
450 
451 
456 
495 
510 
564 
592 
607 
608 
609 
611 
656 
657 
668 
677 
684 
692 
693 
696 
709 
720 
723 
735 
738 
765 
769 
770 
785 
786 
792 
794 
807 
833 
846 
851 
863 
866 



GCACCCCa c 

csjogs co a 
occcuAJU a 

AAGAACC0 C 
GSGOACO0 C 

c 
c 

G0QC0Q C O c 
GAAAADG0 D 
GGGAGSAU C 
GAGCCAA0 a 
AGCCAADU 0 
GOCAADO0 c 
CAAD00C0 c 
GSCAGOG0 0 
0CACOGOO C 
GAAC OGC0 C 

isc a ccocD c 

AGGCAGC0 C 
CCAGACCO 0 
C 

GOCOGOOO C 
GAGCAUUU A 
COACAAC0 0 
CAAOJUUU C 

coccogsu c 

OCCOGCCO C 
ACOGOGC0 U 
DCOCCOGO a 
O0OG0GOO C 
AGGCC DGD 0 
GGO0DG00 0 
C 00005G0 C 

occu uc aj c 

GC0CAGA0 A 
CGDGGGG0 0 
COSACAG0 0 
GCOCAGC0 0 
CAADGGOT 0 

c 



COGAACAG 
CCAGOGCA 
C330CAOC 
AAAAAOCA 

CCOCAG3C 

OGOCACCA. 

A GOGOQQA 

OGDGGGAA 

CCAAOCAC 



CCADGCD0 
AD GCOOCA 
CAAGAADG 
AAGAAEG0 
0 0OC0CD0 
CCAGCGCA 



GGAACDQC 



CDGOCOCP 
CCCCOCAC 



AGCDOOCA 



COCO GGA A 
OC U G GA AG 
^JJCU 5 OG0 

QC OQO O OC 
C OG G OC GC 



C&GCCGO 
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867 

869 

881 

885 

933 

936 

978 

980 

986 

987 

988 

IOCS 

1006 

1023 

1025 

1066 

1092 

1093 

1125 



1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1368 
1380 
1388 
1398 
1402 
1408 
1410 



GAGCACCU 

cocoo co o 

A M3 GGC O0 



UGOGGHDO 



OO O GOGA D 



• •r-cf:Ycr-i 



OCQAGG00 



COCCAACU 
AOGAOGCO 



A CGCOOCO 
CUUUUUOJ 
AUXAADU 
00038000 
GGGCDOOO 



G0SGG000 
COCCOSOT 



O OQGOQCP 
OCAGGOCO 
GAGCAGCO 



GSGOAGDO 



COGGCOOT 
CDGUGCOU 



C CCCAuJUA 
C OOGOGAAG 

c aaooosc G 

A AGOGOGAA 
C GOO CO C & G 
U O0C0G0CA , 
C UACAAOTJ 
A CAAi 
U 

O OCAG CP CC 
O QQO0O0C 
C G0GG0G0C 
A OCACCAGG 
C OCAGAflSS 
C AGAAGGGG 
O GDOOOCA A 
C OCAGQU3A 
C CAGQOCCB 

c ooGOo cag 

0 COOOOgCP 
C OOOOQCOC 
0 0OGC0COS 
C O SOGGCCn 
C ACACOGAA 

c oooycafiG 

C CACAflSDC 
C G3UDG0GCO 
C GOGADOGO 
C CWmA ? * ' - ' 
A OO S DO C DC 
C AEAOGGGO 
0 CAAGAADG 
0 OSOBOCA G 
C 0OVGCAGA 
C OGACADGC 
C OGQQ GA AA 
U COCAGAGC 
C AflGQATOC 
A AGAGGAC0 
C AACAADGG 
U CO00CAGG 
C GGQCAGGC 
C O0 SC0 QO C 
C GGGADGG0 
A AGDGGADG 
C ACAGGACA 
0 GAGAACOG 
C GOQSQ SOC 
C 



1421 
1425 
1429 
1444 
1455 
1482 
1484 
1493 
1500 
1503 
1506 
1509 
1518 
1530 



1559 



1565 
1567 
1584 
1592 
1599 
1651 
1661 
1663 
1678 
1680 
1681 
1684 
1690 
1691 
1696 
1698 
1737 
1750 
1756 
1787 
1790 
1793 
1797 
1802 
1812 
1813 
1825 
1837 
1845 
1856 
1861 



AOCCAOCO 
ADAC00GO 
AGAAG3CU 



A COGCOCO 
OG33GGG& 



G OOaOGGO 
A 



G0 G SO 0 0 0 
OSSGA&GO 



ACAOCOAP 



0ACAAG00 

ccccgcot 

GOGCACDO 



GGS0D00CJ 
G Q 0C 0 G00 

cuuuuaaj 



COOCOGGO 



OCOCD G C a 



AD G G OOCU 

oooaoGOO 



AA 
Q CGQQ COO 



OCCCQAA0 



c 
c 

A 

C AGGAGGAG 
C 

u 

U CC0C00GC 
O GGAGACOA 
TJ APGSOCA A 
0 CCAACCAC 
A A PO G OO GS 
C ACOGOGQA 
C Q CSGOCOO 
C AZ2AADOGO 
0 GCGGGCOO 
C O G C POSOA 
C O C DGOOOA 
O OGOOOOCA 
A OOACGGCC 
O A0050 CA G 
C AGGADADA 
A CAAGOQAC 
A CAGAAGGC 
C OC03AGGC 
U GOOO DC S D 
C AAR3GACA 
C GQCCOGG G 
C CACAGGOC 

u ccogaaoc 

A GAOCOCOC 
A CAUACADU 
OGAOCODC 
C GOGGOOGC 
A GCOGGAGA 
U CAOGGOGC 
A C A O C Q A PO 
C CDQGOCO P 
C GG00 0 GG G 
C CCCAACDC 
C AOCQGGAC 
TJ AAAAAOCA 
A OAOCOGGA 
C 03GGGAAA 
C GOGADOGO 
C ACOGOGQA 
C ACAGQGQA 
C GGAGGGGC 
C OGAOO O GC 
A DA0GGOOC 



substitute sheet (»u 26) 



NUC 37807 



W09SO3225 



203 



PCT/IB95AK)156 



1865 

1863 

1877 

1901 

1912 

1922 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 ^ 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 . 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 



CCAQGACT 
ACAOTAC0 



X 

C ADADAAAD 
U C CC GCAGG 
C 

c 

a ADCGOCOA 
C A UJUUUA G 
A UACCCI3GA 
A XCSG3MD5 
0 GSGOpUSC 
C GSOCPSSS 
C UOCAAGCU 

o apogoco a 

A UCGSG3UJ3 
CDGOCTUJ C GSGADGGa) 
A CCCDgftC 
C ACAAACGA 

CDGsa cgy 

CA AD G GC U 
UAC&OCGA 
GCCDCAGG 
AGGCCCEAA 



ADGOAAGa 



CCCGACGQT 
CDGGDCCa 



CCAACDC9 
C JUGA CCU 

c c co s aca 
afi oscosq 

CCAACOCO" 
UUUAGAAI7 
UGACAGUtf 



AUUUADTO7 
ACADOCCU" 
CAUUUAUU 



C 
C 

u 

A 
C 

a 

c 

A 
A 
C 

a 
c 

A 
U 

u 



G3GUOCDG 



CDGCCDOJ 



Mill 



CG0GCUAI7 
UCUCUADU 

Mjoncoaa 



ACAGUUAU 



aguuaduu 
UUaDUUWJ 



HACAACOU 
UCQADUGA 
UMJUAABU 
AEUAABUC 
A OTAAUUCA 
A O C OOPgCD 
A ADUCAGAG 
U UADUAAOU 
U ADUAADUC 
U AADOCAGA 
U AUUaAGUA 
A D OS OO CD C 

a ccceoGca 

C ACGAGOZA 
U CCAAOCAC 
A UUUAuUiA 
U UADUGACT 
U ADGGAOTA 
A DCGAGQAC 
U GAGUACCC 
U AUUUAUU* 



2198 
2199 
2200 
2201 
2205 
2210 
2220 
2224 



GAADGOCO 
AGACUCOtJ 



2233 
2242 
2248 
2254 
2259 
2260 
2266 
2274 
2279 
2282 
2288 
2291 
2321 
2338 
2339 
2341 
2344 
2358 
2359 
2360 
2376 
2377 
2378 
2379 
2380 
2382 
2384 
2399 
2401 
2411 
2417 
2418 
2425 
2426 
2433 
2434 
2448 
2449 
2451 
2452 



GGs a oaco 
uaci 



OQCCOGSO 
ADCCAAOT 
GW0CACAI7 
ADCACADU 



mf«;Teci 



GGAAAGAU 

Acsusccnn 

GC0C3UOT 
CAGGAEMJ 
GGAAAGAB 

uoG sscro 

GGSQCO50 
C P SCOOGO 
CCCOGCCO 
CCADCCAIJ 
CDDGCGDU 
GAACDGCU 



AUUULUUU 

UAAAEACU 
TCUGCUAU 
CA M D OOC0 



UUADOAAD 
CCOGSgGO 



OGAACAGO 
GAASOO TO 



GCCUGUUU 



C C3SGG0CA 
A CADGCCAG 
C OCC CAGSC 
C CACAGOTC 
C AG3C3UGDS 
A ACDGGADG 
C G3C5DQGS 

u ccsaocsc 

C AGGGCACA 
C ACM3ACO 
C OCACTAOT 
C C0B30C3C 
C ACACOGAA 
U CACGGGGC 
C AOGSOSCO 
A TOCAAGOa 
U AACMOTA 
C AEROGGOT 
U UAUUGAOT 
C COCCAAD3 
A CAAUUUAC 
C AUAGGGSO 
C OOCACAGS 
C 

c 

A GAOCOCDC 
C COOCCACA 
C OCACAGAA 
C OCDGGAAG 
C 



XJ CGCUAUUA 
C UUUCACGA 
C O0CDDGOS 
O UCAOGAOT 
C AOGAGOCA 
A GACACAAG 
A DGOOSACG 
A PGG0OC 0 C 
C ADGCOOCA 
A UACAAGOT 
C ACAGAAOJ 
U CAGAGUUC 
U OGAGAOQA 
C OSACAGOT 
C ACAAAOGA 
A CU U UOJUU 
C C0QOO 0 C S 

u qc u uxj uc 

C CDGCCCCir 
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2455 
2459 
2460 
2479 
2480 
2483 
2484 
2452 
2504 
2508 
2509 
2510 
2S20 
2521 
2533 
2540 
2545 
2563 
2579 
2S85 
2588 
2591 
2593 
2596 
2601 
2602 
2607 
2608 
2609 
2620 
2626 
2628 
2635 
2640 
2641 
2642 
2653 
2659 
2689 
2691 
2700 
2704 
2711 
2712 
2721 
2724 
2744 
2750 
2759 



COCOGCCa 
CLUAOC0U 
0QACAOC0 
Q0OBO0GO 

accooogo 
ccouoroa 



ACOTUCA0 



Accooasa 

OCDOOGOD 



00SSO5CJ 



OCDGCAC0 



03CCOCC0 

cootcjcoj 

DODCDWro 

c a oc o Gga 

OG0GCQA0 



■ :iltP:Tr-.»t 



■'V:Tef:Tr , t'i 



QACAACC0 
DCACAGAIJ 
GCOCAGS0 



AGAA 
0GAQGOC0 



A OO0OOG0O 
C CUCCCACA 
U UJUUJCAA 

A tmcoGcc 

0 GOGRDCOC 
U CCCAADG0 
C OC&ADGTC 
C ODG U O O QA 
A CRDDCCDA 

0 ccaAocou 

C CQAOC0O0 
A CAiXUALAJ 
0 COCAADG0 
C CCAADOTC 

a AccoaocA 

C AGSC M JCC 
C O9G&CQO0 

0 o sosaa g 

0 UUCCOJUG 
A Gft OCDCPC 
C CCACAflCC 
C UOGCGAAG 

a o o oco oc o 

C O OGSOOGC 
A OOGO CC DC 
C QCOSOOGO 
A OCACCAGG 
C OOO0G3GA 
A ACOGGADG 
C OGACAG00 
A 000000 0 0 
0 0OVGCOCC 
C CAADCCAC 
A CIXALKXA 
A CAHACAD0 
C O0QOO0CO 
C A Q B SO QC O 
C COGCAAGC 
C C0GAAGC0 
A AGAGGAC0 
0 



GAOCAOC0 

cccoAcaj 

CCQACC00 
QGAAAGAD 
AAGADCAD 



C CCCACCTA 
0 AGGAAGG0 
A 

AI 

OGGGOODS 



frrif(+.!<I«ftrir 



GTOUOJUU 



0 0AAAAAOC 
A 



2761 
2765 
2769 
2797 
2803 
2804 
2813 
2815 
2821 
2822 
2823 
2829 
2837 
2840 
2847 
2853 
2660 
2872 
2877 
2899 
2900 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
2914 
2915 
2916 
2917 
2918 
2919 
2931 
2933 
2941 
2951 
2952 
2955 
2956 
2961 
2962 
2965 
2966 
2969 



COUOOGC0 
CG0GAAA0 



C GADCDOCC 
C OQOCSO OJ 
0 ACCCCOGC 
0 ADGGOCAA 



0 

C 

GC0CCCA0 C CCGAOCC0 
C 

c 
0 
c 



CAACCOO0 



O000GOS 0 

g c g q cuu; 



GGC0GAC0 
GAACUGCU 
GGC 



COGC OCO 0 



GAACDGC0 
ACOOOCO0 



AU3QADO0 



ax j uuc c u 



AD00QO0O 
UUUUUJUU 



0GGAS0C0 
CAGQACO0 



COOGACO0 

oocaocco 
C DOO oe ao 



titiiiiiertir't 



0GOG0AD0 
CDOOSAAU 
0GGAAGC0 
GAAECAA0 



CTOGAGG0 
0CAGCOCC 
AS OX XCA 
C AGSsBUDQC 
A COOCCCCC 
C OCAGOGCA 
C AOOCAOC0 
0 QQGftC DA G 
0 CCCUGGAA 
C GGCGCOCA 
C CCAGCACC 
C CGGACO0U 

0 ocDacaca 

C OOOCDOOO 

0 oc oococo 

A ULKJAUUAA 
C CO COOO O Q 
0 0A0QAADU 

c oo oe ocDo 

C UCUAUUAC 
C UADOACCC 
A UOAADOCA 
C GDOCCCAG 
0 AAUUCAGA 
A AOTCAGAG 
C 0OGOGAAG 
0 GOGAAGAC 
C ACG3USOCA 
C AGCCACDG 

cooso o goc 

C CCAGCACC 
C CCCCAGGC 
0 CCOCOGAC 
0 OGADC0OC 
C 0G&CADGG 
0 GAAOCAA0 
C AGOCACOG 
C GOO QCC A G 
C AAEtAAAGU 
C DOCAAGCa 
A AAJ 
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2975 OGGAAGCO C COCAAGCO 

2976 t3ADAD3OT C CDCACCOG 

2977 GAAGCDCCJ U CAAGCDGA. 
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Table 10: Rat ICAM HH Bibozyme Sequences 



nt . R&t EH Riboxyaa Sequence 

Position 

21 UCM3CGD6 C0GACT3AGGOCSAAAGSO0GAA. ADGGGACC 

23 TZAGAGAAG COGMJGAGGCCSAAAGGCCGRA. AAGCCAGC 

26 AAGAGGJk COGMIGAGGCXSAAAGGCaSA AGCAGUOC 

31 AGGACCAG CU3AU C a GGCCGAA*GGaa5A AGCAGAG3 

34 GOAHADCO CXKiAUGAGGCCGAAAGGCOGAA AGCUUCAG 

40 Ca S SQ OO S OJGAIX2AGGCCGAAAGGCCGAA AOJUJUAO 

48 COCAGGOC OISAIIGSU5Sa03^2^G3CX^A JMBG SP C OC 

54 GSCDOUSS OT»DGW3GCXGaaraGa3Etfl a s a opGSS 

58 GGGAGCUA CCGA0GAGGCCGAAJU3GOOGAA. AGGCAOGG 

64 A O0SSD0S CO GRDGR gSCXSaAAQGCCGAA agccadug 

96 AGGRCCAG CUUAUUA ijUXSAAAGCSXGJA AGCAGAGG 

102 gogaccag epgaDsa csooskAaGscaaA accaggag 

108 AG00CCCC CCX5ADGAGGOCGAAAGGOCGAA AGCAGOCC 

115 TJGGGAACA COGADGAGGCOGAAAGGCOSAA AGGOAGGA 

119 GAG0CGGG COGMX3MC3a3GAAAOGOOGA& ACAGPG OC 

120 G30COB GS CDGMJGAGGCCGAAAGGCOGAA ADCACAAC 
146 GGAG0UCC C0GADGAGGCXGAAAGGCOGAA AQG OCOGG 
152 O OGa G SO S CTOADGAGGCCGAAAGGCGGAA AGCCG3GO 
158 UGACDCCT CTOAD3AGGCCGAAAGGCCGAA AAAGAAA0 
165 GGGGGAAG C0GADSAGGOGGA&AGGGGGAA ACXJGOTCA 
163 CGAGGCAG C3XSAZX5U3C30CGAW3GCO^ AAGGC OOC 
185 CC0GCACG COGADG3U3GCCGA2UU3GCO^ A0CCACCC 
209 . GGOCAGAU C0GAIK3U5GCC SA AAG5C0CSA AG3GGC0G 
227 OOCACAOT OTSAIKSAGGCCGAAaGGOOGAA ACOOGGOC 
230 CCOOOCa C CUGADGSUSCXTXIAAAGGCaSAA ACA fi C DO G 
237 GQSG 0 G 0C COGADGAGGCOGAAAGGCOGAA AGC UU C A G 
248 UOCUAAGG CtXStfXaAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCOCCACU CUUAUGA GGCOGAittGGOCSRA AGGCAGUG 
263 GCADGAGA aXSAIXBySGCaSVAAGGO^^ MOSSCDC 
267 O SR G GCR fl COGADGAGGCCGMJU3GCCGAA AAGGCOUC 
293 UCAGCOtJG OT3ATOftGGCCGAAAGGCCGAA AGAGCDDC 
3X9 tTGGOOOT COGADGAGGCCGAAAGGCCGAA MDC 0 OOG 
335 AGUUCUCA OXSAIXSU3GCOGIAAJ\GGCOGAA AGCACAGC7 

337 GAGGACCA COGAIX2AGGCCGAAAGGOCGAA AEAGCACA 

338 COCAGCOO CUGMJGAGGCOSAAAGGCCGAA AAGAGCUU 
359 AAGCCGAG COGADGAGGCOGAAAGGCOGAA AOT30GOG 
367 ACGGGOUG CUGAIX2AGGCCGAAAGGCCGAA ASCC AD U U 

374 AGGOGGCT COGADGAGGCOGAAAGGCOGAA AGGGGOAA 

375 GAGGCAGG COGADGAGGGOGAAAGGOGGAA AGGCOOCO 
378 UACCCDGU CUGADGAGGCCGAAAGGCCGAA AQG OGGGO 
386 AGCDCCAA COGADGAGGCOGAAAGGQCGAA ACACAGCG 
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394 cosooca c ajG AP Gfr3GCCGAAAGGOCGA& aqcmcac 

420 0 GOQO0G G OJUAUGAGGCCGAAAGGCOSAA. A G3GG0G C 

425 GG OG G CA G QJGAlXffiGGCCGAAAGGCCGAA AGCCGAGG 

427 UQG000OT CCJGWXaGSCa3UUU3C30CG^ AACAGGGA 

450 CGCAGGA0 OT5 AI X a gXXS3UlAGGCCGaA AGGUUCUU 

451 GCC O GGG G C 0GaD C a GGOOS3UUUS3OOGSUl AAGQAGCC 
45$ U UU3UGC A CDGMXMGraSAAAGGCOSAA AAGCOGAG 
495 UACACAGO OTGWX3UGG0OGAAAGG0OGAA, MX SS O GS C 

5io ooc oc ac s CDcana tf saoo G& ARGGOoaui agcagcac 

564 GCGGUOQG CDGAIX3AG3CCGAAAGGCCGAA ACA) 

592 DOOCOGSq CTSflJGaG G O XAAAGGCCGAA Al 

607 GCADSU31 aJGMX3KX5XGAAAGQ00GAA APOGGCOC 

608 AGCADGAG UJUALKaAGGOOSAAAGGOOGAA AADOGGCQ 

609 " AAGCWXSl OT2ADGAGGCOGAAAGGCOGAA. AAAPOGSC 
611 Q2AAGCA0 CSGAZJSAGGCQSAAAGGOOSAA AGAAADOG 

656 CADUCOGG QXSUXAGSCQGAAAGCiGQGAA. ACAGOGAC 

657 AC&DOCOa CUGADGAGGCCGAAAGGOGGAX AACAGOGA 
668 AAGAGGAA. CPGRDGAGGGC GA AAGGCOGAA, AGCAGUUC 
677 OSCGCTOG CD3ADGAGGOOGAAAGGOOGAA AGGGGOGC 
684 AAAGOCCG COC A DGaSGOOgUUlQQrasaa, AiCXDGOCO 

692 GGAGUOCC OXSAIXSUSQOaaUkAOSOQGSUl AGGOCOGG 

693 GGkAGADC COGAIXSlGGCaSAAAGGCOGAA AAAGOCCG 
696 AGAGGCAG OX»DGraoa3GAAAffl AAAGAGGC 
709 



•:■!•[• 



720 GAGCDGAA OT3tfX»GGCOGAAAaGCCGAA. AGOOGOAG 

723 oGGGaoca coaaxaysGcaBkAAGGcasui aaaagoog 

735 GCGACCAG CttaADGAGGCOGAAAGGCOGAA ACCAGGAG 
738 




765 AGOOCDCA CIKAIXSAGGCOGAAAfiQCCGAA AGCACAGa 

769 
770 

785 AG3CAGGA. araUOGAGGCOGAAAGGCOGAA ACAGGCC O 

786 GAGGCAGG CT3RDGAGGC0GAAAGGCOGAA. AACAGSCC 
792 GCGACCAG CUGADGAGQCCGAAAGGOOGAA. ACOU3GAG 
794 GAGCUUCA CO3APGAG3COGAAAGGO0GA& AGGCAGGA 
807 



833 UAGOCOOC Cl^AUUAGGCOGAAAGGCQGAA AO0OC3W3G 

846 CAADAAAU OTADGAGGCCGAAAGGCCGAA AOJGUCAG 

851 AGCOSCCA CTOtfXaAGGOOGAAAQGCOGAA AGGOGAGC 

863 A OQQSOQG axaTOAGGCCGAAAGGCCGAA. AGCCADOG 
666 



867 UAGGTOGG ODGADGAGGCCGAAAGGOOGAA. A 

869 CUUCGCAA CXX2UDGAGG00GAAAGGC0GAA AGGAAGAG 

881 CACGGGDQ CQ2ADGRGGO0GAAAQGCCGAA AAQCCAOT 

885 DOCACAGa COGADGAGGGCGAAAGGGOGAA ACODGGOC 

933 COGGGAAC COGADGAGGCCGAAAGGCCGAA AADACACA 

936 DGACACAA GBaAXXaAGGOOGAAAGGQCGAA ADCOCOGC 

978 AAGOOGOA COGADGAGGCOGAAAGGOOGAA ADOCDCAA 

980 AAAAGUUG CUGAUGAGGOOGAAAGGQCGAA AGADDCOC 
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986 GAGCDGAA COGMXMGCOSAAAGGOCGAA AGDOGQAG 

987 GGAGCDGA GOGADGSUGGCOGAAAGGOOG^A AAGOOGOA 

988 G3GAGC0G COGWXSAGGCaSAAAGGOCGAA AAAGOOOT 

1005 GAOGCCAC OX3tfX3AGGC0GAAAGG<XGAA ADCACGAA 

1006 CCDGGTOX CXCWXSAGGCCGAAAGGCOSAA A COOCCa C 
1023 UJJUU3GA CPGaDGAGGCXXSUVAGGCa^ ACC0CC3G 
1025 C C OC0OC0 COGAX7GAGGOOGAAAGGGC3AA. AGACCDCC 
1066 PCGGGAAC CU3ABGAG300GAAAGGOCGAA. AAGGOAGG 

1092 OCOGCPGA CUJUA^GGCOGAAAGGCCGaA aOO OCOCO 

1093 aOQGSC O S CO5aDGAGGCCGAAA GG00GA A ADOCOCCT 
1125 AJCCAACAA OTGAD3AGGCaSAAAGGCCGAA. a fiOOCSSS 

1163 AGCAAAAG COGATOAGSCOaAAGGCCSAA AG0GO0 G0 

1164 GAGCAAAA CtXaATOAGGQOGAAAGGOQGAA AAGCGOCG 
1166 CAGAGOA C OGMXS U SG CCGgUUtfSGCCGaA AfflAGCGCT 
1172 A GG CCS CA CaSATOAGQCaSAAAGGCrtSlA AGCAAAAG 

1200 OOCAGOOT aX3KJG&5SSO2UUIG3C0GAA AAD0G3AIJ 

1201 CCOGOGGA COSAIXSAGGCOSAAAGGCaSAA. AAGOCCAA 
1203 GA OC0G0G C0GAD3AGGC0GAAAGG00GAA AGAAG00C 

1227 AGCACATO CGGADGAGG00GAAAG3CCGAA AGC0CCAA 

1228 AOGADCAC aEWDGAGGCCGAAAGGOCGAA AAGOOCBC 
1233 GCGAGCAG CTORTCAGQCaSAAAGCKXG^ ACCAGGAG 
1238 GAGGACC& CPGADGAGQOO GA AAGGOOGAA, AEAGCACA. 
1264 ACCCGOAU OJCaiX»GCaXGAAAGGCCC2AX ADCUUUCC 
1267 O UJUCUUU COGADGAGGCOGAAAGGOCSUl ACAGOGAC 

1294 CDGACACA C03AD3AGGCCGAAAGGOCGAA A ADCOCCS 

1295 CCDGCOGA COGOT3AGCXXr5AAAGGCOGA& ACCCCDOJ 
1306 GCAD30AA. CTGAD3AGGOCGAAAGGOOGAA. AGGCOGCO 
1321 UUUCUOJ L CTSMX3SU300CC a UUGBOaSaA ACO COGOO 

1334 Gcao o ss G c oswDGa fi g oosMjysGOosauL aogaadac 

1344 GC3VEACOJ aK3WaC3U3Gaa3UlAGX5^^ AGCAOOGA 

1351 AG0CC0OJ CDSATOAGGOCGAAMGOOGAA. JU3GCCOGA 

1353 CCAUUWJU COGAXXSAGGCOSAAAGGCCGAA AGCOUCUA 

1366 OC O GGGG G CXCAIXSlGGCCGAAAGGCaSAA ACQACCOJ 

1367 G0CDGGG3 CTCMXSUSGCaSAAAGGCXXZAA. AAGOAOCC 
1363 GGC3K3CGG CDGAnGAGQOOGAAAGGOOGAA. ACACCADC 
1380 ACCAUCCC CT3AX3GAQGCQ2AAAGGOOGAA. A12AG3CAG 

1368 CADCCAGCT OTGADaAGGGOGAAAGGCOGAA. AG0CDCCA 
1398 0 G 0 OC PG0 CO3ADGAGQ0CGAAAGGO0GAA ACAGCCAG 
1402 CAGOCCUC COGATOAGGCOSAAAGGCCG&k AAGCACAG 
1408 GACGCCAC CUUAUGAGGOOGAAAGGOCGAA. ADCAOGAA. 
1410 CTXCACOC C0GADGAGGOGGAAAGGO0GAA. -AEAGOUCG 
1421 GCCDGGGG OTGADGAGGC03UVAGGCCGAA AAGOACCC 
1425 AGOCAGAG CDGADGAGGCCGAAAGGCOGAA A GGCGG30 
1429 COTEU3GC CDGADC3U3GCCGAAAGGCCGAA ACAAGOAIJ 

. 1444 CDCC0COJ COGAB»GGOCGAAAGGCCGAA, AGCCOUCU 

1455 UCCCOGGCJ OTGAIKAGGCCGAAAJGGCa^ Amercer 

1482 CCOGGGGG CTOATOAJ33Ca3AAAGGCCG^ AGQAGOOJ 

1484 GGAAGAGG CQGADSAGGOCGAAAGGOOGAA. AGAGCAGO 

1423 UAGOCOCC CUGADGAGGCCGAAAGGCGGAA A0CCCAGG 
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1500 

1503 

1506 

1509 

1518 

1530 

1533 

Z551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 

1865 

1868 

1877 

1901 

1912 

1922 

1923 

1928 



CCAACAAU CDGSUIGAGGCCGAAAQ3CCGAA AJDGACCCA 
UACACAGU CTOAIXSVSGCXXaAAGGCaS^ AO G3 0 GGC 
ACAAOGGC CDCTDGAGGCCGAAAOTCCGAA ACCAGGAC 
ACAATJUATJ COSADGAGGCCGAAAGCXX^AA ACCCAGOT 
AAGCCOGC CtlGAUQAGCXrGAAAGQCCG^ ADGADCAG 
OACGAGCA COGADGAGCXXXSU^GroOC^ AQ3GCCAC 
OAAACAGG OJGMGWSGOCXSAAAOGCCGAA AC OOCCCA 
TOGGAACA C0GADGAG3CCGAAAGGCC5AA AGGOAGGA 
GGOGGOAA COSMXSRGCSOOGaAaaSXSAA A CCUGUA A 
C 0 OQ0QG P OTGADGAGGCOGAAAGGCCGAA ADAGGUOT 
0AHADXC7 COGADOGGCOGAAAGQOOGAA AU C UUOSJU 
GOAACDOG CPGAPSACGOO SA AAQQCOGAA AHAJOCCOG 
G 0 CD00DG COGADGAGGCCGAAAGGCCGAA -A2U 
GGCOC3U3G CXEAIXSASXEGAAAGGCCt^ Al 
ACCAGGGC COGAXX3AGGGOGAAAQGC03AA AAGUGCAG 
roOCCMKJ aX30J3U3QaX3UUU3ra ADCOGOOC 
COCAGGOC aXSAXXSAOGOQGAAAGGOOaAA, AGGOOCCC 
GACC0G0G COGADGAGQOOGAAAGGCOGAA AG&AGCOC 
GAGGCAGG COSADG^SXnSUU^QOO^ AACAGGCC 
GAGAGG0C CDGADaAGGCCGAAAGGCCGaA AGGAGCAG 
AM3GOADG CUGAUUAG3CEG&AAGG00GAA AQSOGGGG 
GAAGADOG COGABGAGGCCGAAAGGGGGAA, AAGUCOQG 




AAGGCCGAA 

GCACCGtXJ COGATOAGGCOGAAAGGCCGAA MGQGM C 



AGGRCCAG COGADGW3GC03AAAGGCCGAA AGCAGAGG 
COCAGGCC aX»D3AGGCOGAAAGGOOGAA AGGOTCOC 



GTOCAGSO CTCMXaAGGCOGAAAGGOCGAA AGGAGCAIJ 
IAjUUUUUU COGADSAG300GAAAQGOOGAA AACRGGGA 
TJDCAGGCA axSWXSAGQOaSAAAGGOOGAA AUUUGA GC 
0UTOCOCA COGAD3AGGCCG3UUU3GCCGAA ACDCOGUU 
AOSADCAC CDGADGAGQOOGAAAGGCCGAA AAGCCOGC 
OACACAGa axSATCAGGCCGAAAGGCOSAA M S3 0 SSC 
UACOCOGU CBGAD3AGGOOGAAAGQOOGAA ABS0GQG 0 

ccaxDac casaoGausGcasuuusoo^ a goococo 

GCAGG0CA CTOADGAGGCCGAAAGGCOGAA ADCBG3GG 
GGACCM3A OT3ADGAGGCCGAAAGGCCGAA AGCACADG 
C0O30G0C CDGADGAGQOOGAAAGGCOGAA ACCGGADA 
ADUOTQAU CUGAU<iAGGCCGAAAGGCaGAA ACOCGOGA 
OC0SQOQG AGQACOGO 
UGCttCCOC; CtXZATOAGGCCGAAAGGOOGAA AOJUUUAG 
UCjUCCAUU CIX3ADGAGGCOGAAAGGCOGAA ADO0GOP C 
GAGGCAAU CUGADGAGGCCGAAAGGCCGAA ACOUACAIJ 
CUAAAGGU COGADGAGGOCGAAAGGCCGAA AGCGOCCA 

UCCAGGOA cogadgaggcqgaaagg; 
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1930 
1964 
1983 
1996 
2005 
2013 
2015 
2020 
2039 
2040 
2057 
2061 
2071 
2076 
2097 
2098 



2128 
2130 
2145 
2152 



2158 
2159 
2160 
2162 
2163 
2166 
2167 
2170 
2171 
2173 
2174 
217S 
2176 
2183 
2185 
2186 
2187 
2189 
2196 
2198 
2199 
2200 
2201 
2205 
2210 
2220 
2224 



GCOGACAC 
CCCAGGCC 
A GCOOG AA 
TJAGGCAAU 
CADCCOGA 



OTGADGAGGCC3AAAGSOOGAA 



GOACAGGG 
0OG00OGO 
ACCOCCAG 
AQXADTO 
UAG5DG0& 
CCDGAQGC 



aXSaDGAGGOOGAAAGGOOGAA 
COGADGAG GO 0 GA AAG3Q0GAA 
OTGaXXSAGGOCGAAAGGCOSAA 
aX33tfX3US30CGSUUU3C300SUl 

casaDGausoocsaMMgaooGaA 
ccggxa GaoaaukaGsoosaA 
casaixaGGoaaaaGso as ui 

COEMXSUSSCaaAAGQOaSU 
COGaXXSUSGCOSAAAGGOa^ 
OTGADGA OGOPGaAAQQOOGAA 
C03AIX3aGQCa»ANaGOCGAA 



AG03XTA 
Aft ADCUOJ 
Hfl GOOCDC 
A flCOPOCH 
ACDOACMJ 
AGGCAGC3 
AIBGGCAG 

AP 3 CTC C G 



ACADCAAC axaUTOGSOaaAAQSOOSAA AfiAGOOGG 
ACCOOCAG COSaiXSUSSCCGAAAGGOOS&l AGG0CAG3 
CAGGRCOC GOSaDBUSSQOGaUUUSSQCXSAA. AGCJCQSAA 



AA GDCGUA 
UCAAJDAAA 
AADDAAUA 
GAADOAAD 
tJGAADOAA 
AACAAAGG 
C OC C GA MT 
AADUAAEA 
GAADQAAIT 
OCDGAAOT 
UACOCAAU 
GSU3GAOCA 
AGCftGGGG 



AACGOOGAA 
LAAGGCCGAA 
CDGATOAGGOOSAAGOXGAA 
CXXSAZXSA09GOSUAGSOOSAA 
CUGAXJGAG300GRAM300GAA 
COGAXXjAGGCGG&AAGGOQG&A 

cosADcawaGca ajju sQQ ag A 

COGAZ3G5USGQOGAAAGC30CGAA 
COGADGAGGOOGAAAOQOOGAA 
CDGAIXjAGGCOGAAAGGTOSAA 
COGADSAOOOOSAAAaQOGSAA 



ACftGOOGG 
ADDCOCAA 
AACOGOGA 
ADRCADCA 
AAQACADC 
AAADACAJJ 
AGSAADOT 
AADAAAHA 
ADACADCA 
AADACADC 
ADAAADAC 
AAUAACOG 



UCAADAAA 
AOQCAADA 
UACTCAAU 
GQACUCAA 
GGGQACOC 
CAAEAAA0 
TOAOCDCG 



GOCUGSGG 
GACCOGUG 
CAGO GG O P 
CADCCAOT 
CCCAGGCC 
AAl 



OTGRTOAGGCOGAAAGGOOGAA 
OTGATOM3GOOGAAAGGOCGAA 
COGAXXxAGGOGGAAAOGOOGAA 
QX2AXJ5AGGCOG&AAGQOOSAA 
COSADG&GGQCGAAAGGOQG&A 
C0SVX)GAOGO0G»AAGG0QSUl 
CDGAXJGAOGCOGAAAGGOGGAA 
CQGAUGAOGQOGAAAGGOOGAA 
COGAOSaOGOQSAAAOGQQSAX 
OT3AIXSQG00GAAAGG00GAA 
OXSAZIGAGGCOGSUUUQCSCXSAA 
COSADGAGGOCGAAAOOaOGAA 
CDGAZXjAOGQOGAAAOGOOGAA 
CDGADGAGGCOGAAAGGOOGAA 
COGADGAQGCOGAAAGGOCGAA 
CO3ADGAGGCCGAAAGG0CGAA 
COGMX3AGGCCGAAAGGCCGAA 
CX3GADGAGGGCGAAAGG00GAA 



AAI 
AAAGAAAU 
ACAUUUUC 
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AEAAi 
AADAAOOG 
AAM3AACU 
AEAAADAA 
AC030CRG 
AGAOVDOC 
AAGAGUOU 
AAGQAOOC 
AGAAGOOC 
ACACAAAA 
AGOCOCCA 

AGG0OC0C 
AI 
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2226 O GOggOCQ OX^OKjAGSQCS^AACKKXGAA. AGGOCCAG 

2233 AS OOCOG Q CUGADGAG3CCGAAAGGCCGAA AAGCADGA 

2242 ACUACTGA COGAOGAGGCCGAAAGGOCGAA ASCOGPG D 

2248 GCGACCAG OX2tfX3AG3Ca^AAGGO£GAA ACCAGGAG 

2254 UOCAGOGU COGAOSAGOmGAAAGGOCGAA AABDGGA0 

2259 Qe a CCBOQ OXSAU3AGGCXGAAAGGCCGAA ACGGGADC 

2260 AGCACCGO CTCMJGAGGOCGAAAGGCCGAA AADGOGAU 
2266 AAOJUGUA CUGADGAGGOOGAAAGGOCGAA ACCCOGA0 
2274 UACRDGOT CDGADGMS023AAAG3CCGAA AOCO3C0C 
2279 ACCCGOAD agaDGA QGCCGAAAGGCa5AA A PCCOCCC 
2282 ACOCAAHA COGADGAGGCCSAAAGSCOaA AEAACOG0 
2288 CADOGGAG CDGADGAGGOCGAAAGGOCGAA ACOGGGC 
2291 GOAACOOG C0GMJ3AQ3O0GAAAG3OCGAA AHADCC3G 

2321 acccg qa et c oGftp e a ssoaa&ftGaca^ ACCTOOCC 

2338 C QJGUUA CTCAD3AGGCCGAAAGGCCGAA AAGCOCAA 

2339 GOCOQGG G OXSMXSySQaaGaAMOtXXSUl ^USOACCC 
2341 TJGAGCACC CTGMXa USG O OGAAAQSgOaA AC3GGCCC 
2344 GAGAGGOC COQOTAGGCCGAAAGGCOSAA ACGAGCAG 

2358 UGOGS GA G OJGAIJ^A GSCCGAAAGGCOGAA AGGCAGGG 

2359 UUCUGUUG CCGATOAGGCOGAAAGGOCGAA AEGGADGG 

2360 C PO OC a SG CDGATCAGGCCGAAAGGOCGaA AACACAAG 

2376 AAGAGGAA O3GAIX»GG 0 a3UUU5^^ ASCAGOOC 

2377 UAADAGAG CUGAIXSAGGCX^GAAAGGCCGAA AGGAAGOC 

2378 TO3DGAAA CCXSATOAGGCCGAAAGGCCGAA AAADCAGC 

2379 CGCAAGAG COG A IX^AGGOCGAAAGGCCGAA AAGAGCAG 

2380 ACDCGOGA CDGATOAG3COSUUGGCCGAA AGAAADCA 
2382 PgfrCPCGO CCGADGAGGCOGAAAGGCOGAA AAAGAAA0 
2384 COOGOGOC COGAIXSUSGCCGAAAGGCaGAA ACCGGADA 
2399 CGOCCACA CDGADGAGGCCGAAAGGCOGAA AGU AU UUA 
2401 GAQGACCA CDGAIX3U3GCCGAAAGGCCGAA ADAGCACA 
2411 OGAAGCAJJ ODGADSACSSCCGAAAGGCCQVA AdAADUG 

2417 AACUOGOA aXSAIXSAGGCOGAAAGGCOGAA ABCCOGAU 

2418 AGUUCUGU COGADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GAACOCCG CUGABSAGGCCGAAAGGCOGAA ADUAAUAA 

2426 tJAGOCOCC CUGADGAGGCCGAAAGGCCGAA ACOGOUGG 

2433 AACDGOCA CDGAIX3AGGCOG3UU^3GCOSAA AACOCOGA 

2434 U0G00O3I COGADGAQGOOGAAAGQOCGAA JMOCC O CO G 

2448 GGGGGAAG COGADGAG GC C GA AAGGCCGAA ACDGOOCA 

2449 CGAGGCAG COGADGAGGCCGAAA GGC O GA A AAGGCJUC 

2451 GAGGGAGG CHIADSAQGGCGAAAGGOOGAA AACAGGCC 

2452 AGAGGCAG CtXSATOAGGOOGAAAGGOOGAA AAACAGGC 
2455 AACAAAGG COCSUXaGGCCGAAAGGCCGAA AGSAA0GU 

2459 UGOGGGAG CO3A03AGGCCGAAAGGCCGAA AGGCAGGG 

2460 UOGGGAAC CUGADGAGGCCXaAAAGGOOGAA AAGGOAGG 

2479 GGCGGOAA CUGATOAGGCCGAAAGGCOGAA AGGGGUAA 

2480 GGGAUCAC aXSADSAGGCXGAAAGGOOSUl ACGGCGAC 

2483 ACADD3GG CDGATOAGGCQ3AAAGGC0GAA ACAAAGOT 

2484 GACAEKX3G CTGADGAGGCCGAAAGGOOGAA AACAAAGG 
2492 UAGGCQGG COGADSAGGCCGAAAGGCCGAA AGGCGGOC 
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2504 DAGGAAD3 C033U35AGQOOGAAW3C3CX3GAA ADG0AGGC7 

2508 AAGGOAGG OT3OTGAGCXXX2AAAGGCCGAA ADGDADGO 

2509 AAAGGOAG CDGAIX3U3GCa2UAGGCCG^ AADGQADG 

2510 AADAGGOG OX3MJGAGGCCGRAAGGCCGAA AAADGGAC 

2520 AC AOOGQG COGaTOAGGOOGAAAGGOOGAA ACAAAGOT 

2521 GACADOGG CUUADUAGGOC^AAAOGOQGAA AACAAAOS 

2533 UGAGGGOT CCGMJGAGGGOGSttAGGOSAA. AA PB O 0 G O * 

2540 GSAEAGCU CKSIXZLGGCGGAAAGGGOGAA AGCACCGA 

2545 AAAGOOCG C0GAIX2VGGO0GAAU3GOGGAA AGC0GCOJ 

2568 COCaCACA COGMXSftflGOCGAAAGGCCSAA AADCOCOG 

2579 CCAGGGCA COGMJGAGGCOGAAAQQCOSAA AGOGCAGG 

2585 GAGAGGOC COGSIX3AGQCXX3AAK»»^ AOGAGCAG 

2588 CQOOGOQQ COSBPSA flGOOGAAMSOOSAA, AGGRGGCA 

2591 COOCGCAA C0G«X» gSOOSMU>GGOOBUL AGGAAGAG 

2593 AGCAGGGG G0GA0GAGGOOGAAAGGGOSA& AMJAG2WSA 

2596 GOGACCAG COGADG&GGOQGAAAGGGOSAA ACCAGGAG 

2601 GftGGAOCA CB5AX1GAGGCQGAAAGG0GGAA AUAGG&CA 

2602 ACAACGGC GJGADGAGGGQGAAAGGOOGAA AOCAGGAC 

2607 CCOGGOGA OT3ATOAGGCCGAAA3GCOC3AA ACOCCCAC 

2608 OOCC&DGG ajGMXaGGCOGAAAGGOOGAA AGCOAAAG 

2609 CW3CCAOT CTOWX3AGGOCGAAAGQCOGAA AG 0CC CC & 
2620 AACOGOCA COC5U]GA(390a2kAAC33Q^ AACOCOGA 

- 2626 AGCAGCAC C L K SAtXaA flGOQgAA&QSOOGAA ACOGAGAG 

2628 GGAGCOGA GOG&DG&GGOQG&AAGGGGGAA AA S00GOA 

2635 GOGAADOG G3GADGAGGGGGAAAGGCGGA& ADCOGOGA 

2640 DGSAD3GA ePGMJSA OGCaSAaflSOOSAA ACCOGAGC 

2641 AADSQHDG COGMGAflGCCGAAaGGOOGAA AGGOGGGG 

2642 AGAGGCAG CXX3AIX3kGGCOGAAAGGO0GAA AAACRGGC 
2653 AGCAGQCK7 COGADGAGGOOGAAftGGOOGAA AOG0G0GG 
2659 GCDOGCA G C D ( aDGA GGCaaAJU3SOCGAA A O0CPDC0 
2689 AGCDQCAG COGMXjRQQOOSAAfiQ G OOG R A A OXUA GU 
2691 AGOOODOJ CTOWOGAGGCCGAAAGGCOSAA AGOCCOGA 
2700 OOJGG GG G (XXSMX2AGGCCGAAAGGOOG&A AGQAOOCO 
2704 UW3G0GGG COGMJGAGGGCGAAAGGCCGAA A GSDGGPC 

2711 ACCDOCOJ cosadsaoqoogaaaggqogaa aggoaggg 

2712 CACCOOCC GJ5&DGAGGOOGAAA G30 0 GA A AAGGOAGG 
2721 ACOOGCBU CO33UX2AGGOaGAAAGGQ0GAk AUUDUUCC 
2724 CAAAO00G CRa&DSAOGCCGAAAGGCGGAA AP GMJ C UU 
2744 OC UQ C A OS CCXaVDGA£3GOOGAAW3GOOGAA A0CGACCC 

2750 GsaaaaoA ctomxiagqcogaaaggoogaa acagggac 

2759 CCACOOGA C0GADSM5GOOGAAAGXGGAA AG ODO S DC 

2761 GGAAGADC QXaftDGAGGOOGAAAGGGOGAA AAAGUCGG 

2765 AG GCXBCA COGADGAGGCOGAAAGGCCGAA AGCAAAAG 

2769 GCAGGGG0 COGAJXJAGGOCX2AAAGGOOGAA ADAGAGAA 

2797 OOGAOCMJ CTOAII3AGGOOGAAAGGCOGAA ADDOCACG 

2803 GOOC0G0G GOGADGAGGQQGAAApGCGGAA AGCADGAG 

2804 A GQOO0G0 COGRXXSAGGOOGAAAGGCXSAA AAGCADG& 
2813 AGGGOCM3 COGMX3AGGOCGAAAGGCX3GAA ADGGGRGC 
2815 GGAAGKDC CUGADaAGGGGGAAAGGCOGAA AAAGUCOG 
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2821 AOC O O a US COGADGWGCXGAAACSXaS^ AG3CCAGG 

2822 GGAGCUGA. CUGAXX5AGGQOGAAAG3COG&A AAGOOGQ& 

2823 UGGGAGOT COGADGAGOXGAAASGCOGAA AAAAOTCG 
2829 GGAmCCO COGAOTAGOT0GAAAGGCC3AA AGC&COGA 
2837 GGGGGAAG COGADGAGGOOStftfUGGCCCaA ACCCOGGG 
2840 U UA X - U U G aXSADGAGQCOGAAAGGOOGAA AGGGGOGC 
2847 AG5CC SOT aX2UXSraOOGAAAC»OG5& AG S5S0A A 
2853 CQAGUCGG C O E UXa GSOOaUUtfa o a a U, AC&DCGAA 
2860 U0CCAGG3 CTCATXSftGgaaGAAA flG aZ a A AdCAAGV 
2872 CGAGCACC COSffXSUSSOOGaAAGGOOSSA ACAGSCCC 

2877 Gsog o oss axsaixaGSoa s AaGGaa^ KsvracrA 

2899 AAAGCTXG CTOADGAGGOCGAAAGXOaA AGCOGOCU 

2900 AGAGAAGG OJ ^AUGAaXXaa UOGGOOGAA AG0OK3CC 

2904 AAGAGGAA COGAIX3aGGOCX3AAAG3Ca3\A AGCAGOGC 

2905 AGAGAAGG QKZADGAGGOOGAAAGG0OGAA AG0CRGCC 

2906 UOAAEAAA OJ GAJ J GAaGOCGA AAQXaaA ACADCAAC 

2907 CGCAAGAG C0GADGAGGOQGAAAGQ0GG&& AAGAGCAO 

2908 AADUAADA CTOADGAGGOOGAAAGGOOGAA ADACADCA 

2909 AAGAGGAA COGAIXSUC^SOCGSUUUSCSOaSA AGGU30UC 

2910 GQAAXIAGA CUGADGAGCXCGAAAGGCCGAA AAGGAAGO 

2911 GGGGAAQ& COGADGAGGCCGAAAGGCaGAA AGAAGGAA 

2912 UG&ADUAA CIXSADGAGGXJG^AAAGaCOGAA AAAHACMJ 

2913 CUGGGAAC CP5 AI X5AGGCCGAAAGSCCGAA AABAOVCA 

2914 UCOGAAOT O3CM3GAGG00GAAAGG00GAA ADAAAEAC 

2915 C UU J GA AP CUGU^DGAGGCOS^GGCaaA AAHAAADA 

2916 CUTOGCAA O3GAIX31GGCCGAAAGGC0GAA AGGAAGAG 

2917 GUJUUCbC COGAOGAGGOOGAAAGGCOGAA AGA3GAAG 

2918 TOACDGGU COCTIXaGSaCGAAAGGOCGAA AAAGAAAU 

2919 CAGOGGOT CT3 AUOA UUXGAAAGGOCXSAA ACACAAAA 
2931 GGCAGOGG COGADGAGSOaSAAAGGCGGAA ACACCADC 
2933 GGOGCDGG COCMJGAGGCa3ttAGGCOGAA AfflaJCCA 
2941 GC C0G3G G CgGAOSAGGQQ GA AAGQOOGAA AAGUACDG 

2951 GOCAGAGG COGAIX3AGGCCGAAAGGCCGAA AGCADGGU 

2952 GAAGABCG CDGAOTAG3C0GAAAGGC0GAA AA G0O0SS 

2955 CCAU30CA, CUGADGAGGCX3GAAAGGCCGAA AGGAAGCA 

2956 AUUGADUC CDGAX7SAGGQ0G&AA&GCGGAA AAGGAAAG- 

2961 CAGOGGaJ OCAX)GS^300GaUUVG3C^GAA» ACACAAAA. 

2962 C03GSAAC COSADGAG GC CG3VAACG0CGAA AADACACA 

2965 ACDUUAUU OJSADGAGQ00GAAAGGC0GAA AD0CAAAG 

2966 AGCOOGAA CUGADGJuasCCG A AAGSOOGftA AGC0OCCA 
2969 GAAAACOU CCXSAD6AOGGQBAAAGQCQ6AA AP0 G AD 0C 

2975 AGCUOGAA CCX3ADGAOOOCGAAA330QGAA AGC DD D CA 

2976 CAGGOGAG COTABGAGGCOGAAAGGCOGAA ACCADW3A 

2977 OCAGCUOG CDGADGAGGCGGAAAGGO0GAA AGAGCOTC 
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Table 11: Human UrS HH Target Sequence 



TCT/IB9SMIS6 



nt. 
Position 

8 
9 

10 
12 
13 
36 
37 
38 
56 
57 
63 
64 
69 
70 
74 
78 
80 
91 
97 
104 
116 
117 
130 
145 
155 
156 
157 
159 
162 
165 
171 
179 
192 
200 
201 
206 
207 
212 
216 
222 



GCAOTJ0 
ACUUUOJ 



»t tit •*:• 



AGAAOGU 
GAACGOU 



o c oGca n 



GOODGCa 



UAGCDCQ 
G00 G C C O 



CAGAAAU 
AGAAAOT 



ACOGCDU 

oocaaca 

UACOCAIJ 



0GAGACC7 



oaoco G o 



UAAAAAIJ 



U PCOTOGC 

o cuuuua: 
c pooqcca 

U OGCCRAA 
U GCCAAAG 
0 UCAGAGC 

u auafioc 

C ASU3CCA 
0 COGCADU 
C 0GCMJU0 
U UG3U50QU 
u gaguoog 
DCjCQaGC 
TJ GCUAGCtJ 

X U C LCUUG 
C OT3GAGC 
U QG ft aCLkj 
A GGOCSQA0 
A DGCCADC 
C COCACAG 
17 CCCACAA 
C CCACAAS 
U GGOSAAA 
0 GGCACDG 
U DCD R O0C 
U CQACUCA 
C UAODCRD 

C ADOSAAC 
C 

c 

A GCCAATO 
C OGAGGMJ 
0 UAJUJUC 
C C0G00OC 
U CCOG0RC 
C COGOR CA 
A CADAAAA 
A AAAAOCA 
C ACCAACU 



t r-»t r+ ; tt 



nt. 
Position 

245 
247 
248 
249 
257 
273 
291 
305 
307 
308 
316 
319 
322 
323 
326 
334 
338 
380 
388 
389 
392 
397 
409 
410 
411 

419 
437 
440 
447 
454 
462 
463 
466 
479 
480 
481 
497 
498 
499 



AXGAAA0 
GAAABCU 
AAAUCUU 
A ADCUUU 




C UOUCAGG 
0 0CAGGGA 
a CAGGGAA 
C AG33AA0 
A 



AAAAACU 
AA CDOGa 



i t r i *»« 



D G0OCD0 
CCDUAAa 
AAGAAA0 



AACCAAD 
ACCAABU 
A A DDCOJ 



AASAGO0 
AGAUUUU 

As oaocp 



t-rr-c-re*! 



A 

GGAEAA0 
AGAAAGD 
OGAGACU 
AA 
AO 
G50O0G0 
CAAAGAD 
AAAGAD0 
AAGA0UU 
AGGACAU 



GACADO0 



C AAA/ 
A C OQOQQA 
A UOCAAAA 
rj CLAAAAC 
C AAAAACa 
U GOCCOUA 
C COGAAUA 
U AAHAAAG 
A AJ0AAAGA 
A AAGAAAU 
A GAXJUUAC 
U GAOG3CC 
A AACCAAU 
U CCOAGUC 
C COAGACU 
A GACOACC 
A CCOGCAA 

a oaroosa 

U COOGGCC 
C POGSOGO 
a GS 0GQA A 
A ADGAACA 
A ADAGAAA 
A GAAAGOU 
U GAGACQA 
A AAO0GSO 
O DGPOGCA 
0 GODGCA G 
0 GCAGOCA 
0 0OG3AGG 
0 DGGAGGA 
D GGAGGAG 
D DUACUGC 

a tmcoGCA 

0 ACOGCAG 
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500 
531 
538 
539 
542 
543 
544 
545 
549 
551 
554 
555 



ACADOUO 



560 

561 

573 

577 

579 

580 

581 

588 

597 

598 

611 

616 

617 

619 

620 

625 

627 

629 

630 

631 

636 

638 

644 

647 

653 

655 

656 

657 

658 

661 

672 

676 

678 

681 

682 



GAG90CXJ 
AGGCCO0 



COUAA00 
DOAAUOT 



UOUCAA0 
OCAAEMJ 
ADAUAAU 
UAEAAOT 
AHAAPOO 



0CJAACO0 



AGOAAA0 
UAAAHA0 
AAADAIXJ 

aadadgu 



AAAGCAD 
A0AAAA0 
UAAAADU 
AAAUUCU 
AAPOCOO 
UDAAAAD 
AAAAHA0 
AAEMJA0 
AEOUJADU 
UAEADOO 
0OCAGA0 
CAGADAU 
0GAGAA0 
GAADCA0 
UUGAAG0 
<3kAOTAU 

AOTADOO 
GUAUUUU 
UUUUOUU 
GCAAAAD 
AADDGATJ 

ADADACU 
UAUACUU 



A CUUCAG0 
C A S BOC OO 
U AADUUUC 
A ADOOOCA 
U UOCAAEA 
0 OCAADMJ 
U CAADADA 
C AAHADAA 
A 0AAUUUA. 
A AUUUAAC 
0 0AACDOC 
0 AACOOCA 
A ACDOCAG 
U CAGAGGQ 

c AfiAorya. 

A AAEADO0 
A OOO OW SQ 
U 0CAG9CA 
U CAGOCMJ 
C AGQCAEA 
A CTCACAC 
0 OQOCAGA 
0 GOCAGAA 
A AAAXXJ37- 
0 CDOAAAA 
C ODAAAAU 
0 AAAAEAD 
A AAAOAEA 
A 0ADOOCA 
A UUUCAGA 
0 UCAGAEA 
0 CAGAEAU 
C AGAUALC 
A 0CAGAAU 
C AGAA0CA 
C AEOGAAG 
0 GAAGGAU 
A DODO0C0 
0 D0O00OC 
0 O DCOO CA 
0 OCPOCAG 

c 
c 

0 GADADAC 
A UAOT0OU 

a c aoqaaa 
0 uuuuuuu 

0 UDOCUOA 



684 

685 

686 

688' 

689 

691 

692 

693 

697 

698 

703 

704 

708 

715 

719 

720 

724 



728 
731 
733 
734 
735 
745 
746 
752 
753 
757 
761 
762 
765 
767 
768 
769 
771 
772 
773 
778 
779 
783 
788 
789 
791 
794 
805 



AOOO0OO 



kf i • • t.i 



uuuuucu 
oooocoo 



*f'if:tllt!i 



UOAACAD 
0AACAD0 



AAAADG0 
0GOCOGCJ 
G0COB00 



00AACC0 
ACOCJAA0 
0AA 

•A 



• MCI 



AG0ADO0 
AAA 
Aft 
0AAGAA0 
AAGAAD0 
A DDOGGO 



AA 



AG0ADO0 
0AUUUA0 
AUUUAUU 



UAADGO0 
GOQBUDSO 
GD0GOS0 
00BJG00 
GOGOOOO 
UOTAA0 
CAAAAA0 



0 
0 

C UUAUUUA 
0 A0OOAAC 
A 0OQAAC0 
0 UAACOGA 
0 AACOOAA 
A ACDQAAC 
0 AACADOC 
A ACWJUCU 
0 C0G3AAA 
C O50AAAA 
A AAACGDC 
C 0S8QAAC 
0 AACOOAA 
A ACUOAA0 
0 AAHAGOA 
A AUAGQAU 
A GQA0OQA 
A UUUAUUA 
0 OA0GAAA 
0 ADGAAA0 
A OGAAADG 
0 AAGAADU 
A AGAADO0 
0 OOGCZAAA 
0 GGQAAA0 
A AAD0AG0 
0 Ai 
A 

A UUUAJDOU 
0 0AUUUAA 
0 ADUGEAA0 
A 0OOAAD3 
0 0AAD5OD 
0 AADGOOA 
A AUAKJAB 
0 AD500G0 
A OGOOCDG 
0 UUUUUCU 
0 COAA0AA 
C QAAZ2AAA 
A A0AAAAC 
A AAACAAA 
A GACAAC0 



riMimi 
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Table 12: Human IL-5 HH Eibozyme Sequences 



at. HH Rlbozyme Sequence 

Position 
* 

8 GCAAAGA C UGAD C sA GGOCGAAAGGOCSAA AGCGCA0 

9 GGCAAAG CDGAIXSU5GCaSUUU3SO^^ AAGGGGA 

10 GG3CAAA CUGACGAGGCCSAAAG3CCGAA AAAGCGC 

12 OOOOGCA OX2AIX2AGSGCGAAAG3CCGAA AGAAAOT 

13 C00OGGC COGADGSUG GO O SA AAGGCgSAA AAG3VAAG 

36 GCDCUGA C0GABGAG3CC3AAAQ300G3A ACCCOCU 

37 GGC0C0 O CUjAUUA GGCCSAAAGGCCGAA AA CSOGC 

38 0G3COCJJ COGAR3AGGCOG5UUtGGCCX^ AAAGGOO 
56 AADGCAG COSADGAGGQCGAAAGGGGCsAA. AGCMXX 

' 57 AAADGCA C0GADGAGGQCGAAAGGQOGAA AAGCADC 

63 AAACOCA COtaDSAGGCCGttaGGOCE^ AOGCAGA 

64 CAAACUC OJGAIXJAGGCaS&AGSCCSAA AADGCAG 

69 GCOAGCA ACOCAAA 

70 AGCQAGC CDGAtXSAGGOCEAAAGGaDGAA AACOCAA. 
74 CAAGAGC QJGAUUAGGOOSkAAGGOCGAA AGCAAAC 
78 GCOCCAA CDG AI X SA GGO0GAAAQG O 0 GA A AGCQAGC 
80 CAGCOCC OJGAIX^AGGCO^AAAGGCCSPA AGAGCDA. 
91 ADACACG CCXaABGAGGCSSAAAGGQCGAA AGGCAGC 
97 GADGGCA CUG&IXSAGGCCGAJkAGCXXXSAA ACAOOTA 
104 C0 S 0G G 3 CTGAD5A G GCCG A AAGGCCGAA ADGGCMJ 

116 UTOJGCS3 CPSAPGAGGC QGA AAGGCOGRA ADUOCOG 

117 CDOGOGG C33GADGAGGCCGAAAGGCa3AA AAEOTOJ 
130 UUUCACC COSAXXSAGGGOGAAAGGCQGAA ADGCACtt 
145 CAGOGCC COGATOAGGCaSVAAGGCCGAA AGSOCDC 

155 GAGOAGA O3QK3GAGGCaSUUl00QaSUl AGCAGOG 

156 O3AG0AG O3S3UX3U9G0CGAAAGS0CSU. AAGCAGCJ 

157 ADGAOTA COGADGAGGCCXSAAAGGCCGAA AAAGCAG 
159 OGADGAG COGAPSAQGCQGAAAGGOO GA A. AGAAAGC 
162 GUOOGAD COG3UX2AGGOOGAAAG30GGAA. AOTAGAA 
165 AGAGOOC C0GADGAGGCCGAAAG9COGAA ABGAGOA, 
171 ADCAGCA COSAXXSUSGOOSAAAGGGOSUl A GOTOGA 
179 CADOGGC CGGADGAGGOGGAAAGGOOGAA. ADCAGCA 
192 ADCCDCA CDGAPlAQGOOGAAAGGQOCgUl AGOCOCA 
200 GAACAGG C0GAD3AG3C0GAAAGGCCGAA ADGJUCA . 



201 

206 GOACAGG aJ3AXX3U3SCGGAAAGGOCGAA> ACAGGAA. 

207 TJGOACAG QJSADGAGGOCGAAAGGOOGAA AACAGGA 
212 UUUUADG CQGADGAGGOGGAAAGGOOSAA ACAGGAA. 
216 UUAUUUU CDGADSAGGCCGAAAGGCCGAA A] 
222 AGOOGGCJ COGAD3AGGOOGAAAGGOOGAA A] 
245 CCOGAAA Q3GRIX3AGGO3GAAAGGO0GAA AJUUUUUU 
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247 TOOCOGA OK5AUGAGGCCGAAAQGCCGAA AGADUUC 

248 UUO OCPG OJCSUJUAGGOCGAAAGGCXXAA AAGADUU 

249 ADO CCCO COGAEGAGGOOGAAAGGCOGAA AAAGADU 
257 GOGDGCC CDSAIXSAG5OCX3^AAG30CGAA ADOCCCCT 
273 ACAGOOO COGAXTCAGGCOZAAAGGCCGAA ACDCDCC 
2SX UCOCAG aJSATOACGCCGAAAaSCCCAA ACCCCOJ 
305 OTOOGAA COGAOSAQQOOGAAAGQ O O GA A A G O CUUU 

307 GUUUUUG COGAPGAG GOOG AAAQGOCGAA ADAGOCU 

308 AGUUUUU COGADSAGGCOUAAOGOCGAA AAUAGOC 

318 UAAGGAC CPGADGft G GOOGAAAflGOOGAA AG UUUUU 

319 UADQAAG CO3ADGM3Q00GAAAG3COGAA ACAAGUU 

322 COOTADU OX3AIX»GGCaStfUUSGCa^ AG3ACAA 

323 UOJUUAD COGADGAGGCOGAAAGGCCGAA AAGGACA 
326 AD00COT COGADS^GSQOSUUIGGOGSAA ADOAAGG 
334 G0CAAZ3G COGAD3AGGOOGAAAGGCOGAA ADOOCUU 
338 GGOaS O C COGAXX2A0GGOGAAAGGOOGAA ADGOADU 
380 ADOQC3J0 COGM3GAGGCCGAAAG30OGAA ACDCDCC 

388 GPOn GS COGMJGAGGCCGAAAGGCGGAA A POQGOO 

389 AGDCOM OJUAUUAGGOCGAAAGGOQGAA A ADUGGU 
392 GGOAG0C COG AIX aGGCXXAAAQGCCSA AGGAADU 
397 UOGCAGG CQGAJXSAGGOOSAAAGGCaSAA A OXJJA G 

409 AGCAAGA OJUAUUAGGGOGAAAOGOGGAA ACOCTOG 

410 CACCAAG CDCSaxaGGCOGAAAGGCCGAA AACDCOO 

411 ACACCAA OT3ATOAGGCCGAAAGGC0GAA AAAC0OJ 
413 TJOACACC COGRDGAGG CCGA AAGGOCGAA AGAAACD 
419 UUUUCAU CDGM3GRGGCOGAAAGGCCGAA ACAOCAA 

. 437 UUUCUAU OOGADGftGOCOG A AAQGOOGAA ATOCACD 

440 AACOODC COGADGAGGCCGAAAGGCCGAA AUU AU CC 

447 UAGOCDC COSABGAGGCOGAAAGGCQGAA A OJUUOJ 

454 ACCAGTO CCJSAD5A0QOOG&AAGGCOGAA AGOCOCA 

462 UGCAACA CDG&XX3U3GCGGAAAGG0CGAA ACCAGUO 

463 C0GCAAC OT31IX3U3GCCGAAAGQCOGAA AAOCAGO 
466 - 0 O Q 0 0 GC COGADGaGSCCGAAAOGCCGAA ACAAACC 

479 CC0OC&A COGAIXSU33CC GA AAGGCQGAA AUCU U UO 

480 U OCOCC A COGM3GAGGGOGAAAGGCOGAA AADOJUU 

481 COCCOCC COGAXX2AGGCCG&AAGGCOGAA AAADCDC 

497 GCAGOAA CTOMX3AGGCCX3AAAGGCa3AA A0G0CCD 

498 TOCAGOA COGADGAGGaDGAAAQGCOCAA A AO G OC C 

499 0X3000 COGADGAGOOOGAAfiGGOOGAA AAADGUC 

500 AC0GCRG CDGADG7U3GCCGAAAGGOOGAA AAAAOOT 
531 ARGGOC0 COGMXjAflGOOGAAAQQOOGAA ACOCUUU 

538 GAAAAOT CDGMJGAGGCCGAAAGGCOGAA AGGOCOG 

539 OGAAAM7 CD5AD3VGGCOGAAAGC3COGAA AAGGCCD 

542 ' UADUGAA CUGAUGAGGCCGAAAGGCCGAA ADOAAGG 

543 ADADOGA GOGAIX^GQCCGAAAGGOOGAA AADOAAG 

544 UADADUG CCX3U3GAGQCCGAAAG3C0GAA AAADQAA 

545 OTADADO OT3ADGAGQOCGAAAGGCOGAA AAAADUA 
549 UAAADUA COGWX3AGGCCX3AAAGGCCGAA ADOGAAA 
531 GUQAAA0 CDGAXXSAGGOOGAAAGGCCGAA ADADOGA 
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554 GAAGOOA G0GADGAGGO32AAAGSCCGAA ADUADAU 

555 dgaagod axsmauKcasAAAosoosu^ aaduada 

556 CTOAAOT Q3U A IJGAGCXXGAAAGXOGAA AAADDAD 

560 UXUC P G C0GADGAGGOOGAAAGGOOSAA AGDOAAA 

561 OCCCOCP CPGADSAGGCCX3UUU3GCOGAA AAGOUAA 
573 • AAADAOT COGA03AO3<XGAAAGGCaSVA AC0O0CC 
577 CCDGAAA C0GAD3AGGGOGAAAGGCOGAA AUUUACU 

579 UGCCUGA CUGADGAGGCOGAAAGGCOGAA AOADUOA 

580 ADGCCOG CKaDGAGGGCOkAAGSZSSAA AADADUU 

581 UADGCCU CaSMJGRQSOOGAAAGOQOGAA AAADADa 
588 GOSOCAG COGADSMSCXGAAAGGCO^ ADGCCOG 

597 PCOQGCA COGMmGGCOSAAAGSCOSUl AGOGOCA 

598 DDCOGSC eOGa OGa GQCOGAAAQQOOGAA AAGOGOC 
611 AGAAUTO CDG3UX2AGGCCGAAA03CaSUl AOGCCOO 
616 UUUUAAG OJCiAUUAGGCCGAAAGGCOSU AUUUDA D 

. 617 ADOUOAA COGADGA^XXTGAAAGOXGAA AATOUUA 

619 ADADOUD CPSaDG&QGCOGAAAfl Q OO GA A AGAADOD 

620 UAUADUU CDG»lX3U3KXXX33UUU3QOCXaA AAGAADU 
625 OGAAADA CO3&02&3QOCX3kAAGGCOGAA AUUOU AA 
627 DCDGAAA C2X3ADC2AGG0O3WUUQQ^ ADADUOT 

629 oacaxa ctoadgajggoogaaaosoooAA adaeaou 

630 AnAtCro COGADGaGSOOGAAAQGCOGAA AADADAD 

631 GADADCU OTSAbGAQGCaSAAAGGCCGAA AAADADA 
636 AUUCOGA COGAOGAGGCXGAAAGGCCGAA ADCOGAA 
638 DGADDCD CDGMXaAGGOOGAAAGGCOGSA ADADCDG 
644 ajOCAAD OXaDGAGGCXXSAAAGSCOGAA ADOCOGA 
647 ADACOtC aXSVDGAGGCa3AAAG300SAA AD3AOTC 
653 AGGAAAA CXXSADGAQqCC GA AAGGQQGAA ACTOCAA 

655 GGAGGAA CO3ADGAGGC0GAAAGGCCGAA ADACOOC 

656 DGGAGGA CDGADGAGGOCGAAAGGOOGAA AADAC0O 

657 GJ3GAGS CDGAULSAGGQZGAAAGGOOGAA AAADACD 

658 CCOGGAG CXXjADG&GGOOGAAAGGOCGAA AAAADAC 
661 O0GOCDQ CCXSttJGAGGOOGAAAGGCCGAA AGGAAAA 
672 GOADA02 COGADGAGGOOGAAAGGOOGAA ADOOOGC 
676 AAAAGOA CTCWX2AGGOCX3AAAG300GAA ADCAADD 

. 678 AAAAAA6 CO2AIJ3AGG00GAAAQQC0GAA ADADCAA 

681 AAGAAAA aXSADGAGOCaSAAAGGCCGAA AGDADAU 

682 UAAGAAA COaADGAGGCCGAAAGGCOGAA AAGDADA 

683 ADAAGAA CCJSADGAGGQCGAAAGGOCGAA AAAGDA0 

684 AADAAGA CDGADGAGGOOGAAAGQOa»A AAAAGOA 

685 AAADAAG CDG&D3AGGC0GAAAQGCOGAA AAAAAOT 

686 . UAAADAA OX3ADGAGGOOGAAAGQOOGAA AAAAAAG 

688 GUUAAAD CDGADG&GGOOGAAAQGCOGAA AGAAAAA 

689 AGOUAAA CDGAUUAGGCCGAAAOGCCGAA AAGAAAA 

691 DAAGDOA OTSATOAGGO^GAAAGGCCGAA ADAAGAA 

692 UUAAGOT COGATJGAGGCCGAAAGGCCGAA AADAAGA 

693 GUUAAGU C0GADGAGGO0GAAAGGOCGAA AAADAAG 

697 GAADGUU CCX3ADGAG9O0GAAAGGGOGAA AGDOAAA 

698 AGAADGO C03ADGAGGCCGAAAGGOCGAA AAGODAA 
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703 UUOACAG CXX3M3GAGC30QGAAAQG003AA AO300AA 

704 UUUUACA CXSSADGAGGOCGAAAOSCCGAA AADGOOA 

708 gacadod CDGAixsAacxasttaGrcasAA acrgaad 

715 GOOAACA COGMXSAQQOaaAAGGCOGAA ACADOOD 

719 UUAAGUU C0GADGACGCCGAAAO3CCGAA ACAGACA 

720 ADOAACT COGAD5AGGCCGAAAGGCC GA A AACAGAC 
724 UACOADU OT3ATCAGC53CGAAAG3CCGAA AGOTAAC 

* 725 ADACEAD C03ADGAGGCCGAAAQ3CXGAA AAGOOAA 

728 UAAAEAC CDGADGAG5G0 G AAAGG00SAA ADOAAOT 

731 UCAOAAA CDGAIX2AG5COSAAAGGOCGAA ACOADUA 

733 UUOCADA CDGAOTAGGCCGAAAf5GO0GAA AHACUAO 

734 ADCOCACT CO5AD3M3GCXSMJy3S0CQ^ AADACDA 

735 CADOOCA CDGAOTAGGCCGSVAAGOOOCSA AAADAOJ 

745 AAUUCUa CDC3aX3AGGCOG30UU35CaSUl A CCAPOO 

746 AAADOCD COGADCSUSGXGAAAflGOOGA^ AACCMKJ 

752 UOOACCA CTOAjDGAGGCa^AAACGCOSVA ADOCCQA 

753 ADOUACC COGRDG&SGCOGAAA fiaOOGA A AADOCOU 
757 ' ACQAA0U GQGAD5AGQCCGAAAGGCOGAA AOCAAA0 

761 AAADAOJ CDGAPGAGGOO G AAAQ300GAA AUDOACC 

762 UAAADAC COGADGAflGOOSAAAGaOOSAft AAODQAC 
765 AAADAAA COGAP5A G GOC SA AAQGCCGAA ACUAADQ 
767 UUAAADA CDGAXXSAGGOCGWUiGGOaGAA ADACQAA 

763 ABQAAAU CUGADSAGGCCGAAAGGCGG&A AADACQA 
769 CADUAAA CDGADGACjGeCGAAAGGGCG&& AAADAOJ 

771 AACADOA CDGAD3AQGCO GA AAQQOOGAA> ADAAADA 

772 GAACADU COGATOAaXXXSUVAGSCOGAA AAOAAAD 

773 ADAACAD CO3AIX3AGGC0GAAAGGCQGAA. AAADAAA 

778 ACAACAU CDGArXSAOXCGAAAGGCOGAA ACADOAA 

779 CRCAACA COG3TOACGCCGAAAG3CCCAA AACADOA 
783 AGAACAC aJGAIXSAGGCCGAAAGGCCGAA ACADAAC 

788 UUAUiAG CU3ADGAGG0CGAAAGGGQGAA ACACAAC 

789 UUUAUUA COSADGAflGOCGAAAGGOOGAA AACACAA 
791 UUUUUAD COGADGaOOOOSAAAGQCCCaUV AGAACAC 
794 UUU U UUU COGADGAGGCXXSUUVGtXXX&A ADGAGAA 
805 AGOTOTC COGADGAGGCOGAAAGGCOGAA ADUOUOG 
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Table 13: Mouse EL-o HH Eibozyme Target Sequence 



nr. HH Taxget Sequence 
Position 

■ 

a cGCucoa c croosoi 

IX uCUUcCU U DGCugAA 

12 CUUcCDU U GCugAAG 

36 GlAgacU U CAGAGuC 

36 GaAgAcU u cAgAGOc 

37 AAga^dU C AGAGuCA 
43 UcaGaGU c ADGAgaA 

58 GSADGCP tT COGCAcU 

59 GAJUGCUU C OGC&dUQ 
59 gADGcDO C uGcAcOU 
66 COGCAcU 0 GAGUgUu 
82 OgAcucU c-aGcOGTO 
91 GcOgUGU c uggGCCA . 

112 ugG&gAU U OOCAugA 

113 gGAgADU C CCAugAG 
141 GAGACCU U GaCACaG 
141 GAgACctJ U GaCAcAg 
158 gOCcgCD C AcCGAjgC 
167 cCGAgCU C UGuDSAc 

196 UC»GGcO U CCUGOcC 

197 GAGGcUU C COGUeOC 
197 gAGGCuU c COGuCcC 
202 OOOCOSq c CCOacuC 
202 PDO O UGU c CcUAcuc 
206 UGOCccU & cuCaUAA 
212 UAGUCRD a aAAaDCa 
212 UacuCMJ A AAAADCA 
218 UaaAaaTJ c aCcAGCU 
218 UAAAAAU C ACCAgCU 
218 uAAAAAU c acCAgCCT 
232 uaOOCMJ U GGaGAAA 
241 gAGAAAD C UUUCAGG 
241 gUghaW c UUucAGG 
241 gagAAAU c UUUCAGG 
241 gAgAaAU c UUUCAGg 
243 gaAAucU U TJCAGgGg 

243 GAAADCU U UCAGGGg 

244 AAADCOT U CAGGGgc 

245 AADCDDU C AGGGgcU 



nr. HH Target Sequence 
Position 

253 AGGGgcU A GaCAuAC 

259 uegACAD a CTSaAgA 

269 GeAGAaU C AAACUGU 

269 GaAGAaXJ c AAaCugU 

269 GAAgaAU c aAAcOgO 

287 UGGG3GU A CDGUGGA 

301 AAAugCU A UUCcAAA 

301 AAAugCU a uOOCaaA 

303 ADGCuAU u CCaAaAc 

303 AugCUAZJ XJ CcAAAAC 

304 ugOTADU C cAAAACc 
315 AACcOGU C aUQAAQA 

318 cOGUCaU U AAtXAAAG 

319 UGGCaUU A AEAAAGA 
322 CaUOAAD A AAGAAAtJ 
330 AAGAAAO A CADGGAC 
334 AADACA0 U GACcGCC 
334 AA0aCaG u GACcgCC 

384 AggCAga U CCDgGAu 

385 ggCAgUU C COgGAuO 
393 COgGAuU A OCUGCAA 

405 CAAGAGU U cCDUGGU 

406 AAGAGUU c CUCGSOG 
409 . AGOUcCU U GGUGUgA 

481 UcaCAAU u UAAgUUA 

482 cAcAADU U AAgOTaA 

483 AcAADOT A AgUUaAa 
483 AcAADuU a aGUUAAa 
495 AAAXKJgU c AAcAgAZJ 
553 GCOGuuU c CaUuUAD 
557 UuDoCAU U UauaDUU 
564 UUeuAuU u aOgUCCCJ 

564 UUAuaUU u AngUcCU 

565 uaUAUUU a ugOCCuG 
565 U?JDAuOU a UgUCcUg 
569 OUuADGO c cUGCJaGU 
569 uUUADCT c cOGUagU 

613 AAAGuGU u uaaCCUU 

614 AAgUGuU u aACcUUU 
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620 
793 
816 
818 
825 
825 
839 
840 
863 
864 
864 
913 
917 
957 
960 
960 
962 
975 
987 
990 
1000 
1027 
1034 
1037 
1039 
1039 
1041 
1051 
1148 
1213 
1213 
1214 
1215 
1234 
1236 
1275 
1276 
1280 
1298 
1310 
1310 
1310 
1350 
1358 
1370 
1375 
1377 
1383 
1405 



OTAACcU u 
caAGgCCJ u 
CDGagTO a 
GAguUAU & 
ACUcCcO c 
aOTccCXJ c 
AuCcuritJ a 
uCcucOT c 
cAAgGAIJ U 
AAgCAOT c 
AAGuaDu c 
gftaCOGO 0 
UcDoggO c 
OUagcAH C 
QCftUCCP u 
GcaBcCU u 
APcCuuO c 
u 
X 

OGAllACU tt 
OGACuCD c 
CgggGCtT IT 
OCCDGcU C 
UgcOCcU A 
cOccuAO c 
cTOcCWJ c 
CcQAUcCJ X 
OTcAAuU U 
uGAcUUU u 
OCDgGaXJ u 
gcQGGAIJ u 
cugGAOT U 
ugGADOO U 
gGGACAU c 
GACABcU C 
ugGGCCU U 
g GOOOOO X 
COUACOtJ C 
OgAACTO a 
gcAAAG0 a 
GCAAAgU a 
GcaAAgU a 
AAAGCAD X 
AAAD3GU U 
UgUuaDU C 
DOCAfigU X 
CAGgOAU C 
OCAGggU C 
cccCAgU 0 



uDuGQWJ 
DGuGcAD 
UACOCcc 
cOOCcuC 



CcCcOCa 
cGDOGCX 
GOOGCAu 
cQQSCu 



GQucCaG 



COOQdDc 



uCPC cOa 
OCe O aGC 
AgMJAgX 
cuuAATO 
AAnjgacJJ 
UugCuGA 
cCOgCOC 
CPaOcuA 
TJcOAACCr 

OAAcnac 

UAACDOc 



AAuAccC 
<S7uaO30 
DOGGAaa 
uDgGAAA 
TJGGAaaX 



cuDGCXS 
XdOOcOC 



AGAaGcA 
aAuACcA 
aAHAcca 
XADAccX 
AAADggU 
ggGAngtJ 



1407 

1407 

1410 

1434 

1434 

1434 

1435 

1435 

1438 

1438 

1439 

1443 

1447 

1458 

1458 

1460 

1461 

1463 

1475 

1479 

1483 

1483 

1484 

1487 

1487 

1489 

1489 

1489 

1490 

1490 

1490 

1491 

1491 

1491 

1491 

1494 

1502 

1502 

1507 

1509 

1509 

1510 

1510 

1510 

1510 



1515 



cC&gOOU X 
ccAgCUU a 
gUDUaCU C 
ADgCOOT U 
aDgcOuU U 
aOgcuDO U 
DgCDOOQ a 
ugeOQOD a 
DuDUAOT U 
uuuuaHD 0 
DOQADDD A 
DDOaAoCT c 
ADOCOGO X 
ugOOcaO a 
ugOOcAU X 
0ucAOMJ u 
0CAEAU0 X 

xxxAunnn u 

AuGgADU C 
ADOcaOT X 
aGuAAOT u 
aOTAAgU U 
GQAAgUU X 
agUUAAD a 
XgOUXaO X 
UUAADaU 0 
TOAAuAU u 
DOAanXCT 0 
UAADaXKJ u 
UAaUATO 0 
UXaDATO 0 
AADADOT a 
AAI2A0U0 a 
Aa0AD00 X 

Aamrou x 

ADuDAZX7 a 
cAOGDaU X 
cXcgOAU a 
XnADAaXT a 
ABAAuAB 0 
aOaaOa0 0 
UAAuADG c 
TXAAuADU C 
CKAuAuU c 
tJaaDaTJD C 
aOaUOC0 X 
UOCUAAXJ A 



COcCAGg 



CAGG&AX 
aOuOaAU 
ALKJUAAu 
AuDQAAD 
OuDaATO 
uUUAaDO 
AXuDcug 
AMEicOg 
ADucUgU 
OGuaAGa 
AgABOTu 
UUADOTA 
uUADODX 
XuuuAug 
UUUAUUX 



aGQAXgO 
AgOdAaU 
AM 
Aal 



UUuAuDA 
UUUAUUa 
uXuDXcX 
QAOOaCX 
OKDOacA 
XotlXcXc 
ADuAcAc 
ADUacAc 
uuaCXcg 
OuAcAcg 
UuAcAcG 
OUacAcG 



OaauADu 
UAADaUO 



COaAuAA 
CUAADAA 
OaAnAAa 
OaauAAA 
OaaDAAA 
OAAUAAA 
ADAAAgC 
AAgCAgA 



UACOcCA 
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Table 17 

Mouse re/ A HH Target sequence 

nt Position HH Target Sequence 



15 AADGGC0 a caCaGgA. 

22 aGCDCcU & cGDgGCG 

26 CcOCcaa u GoGgACa 

93 GAuCOGO 0 uCCCCD C 

94 AuCOGOT u OOOQJCX 

loo oucccca c auujuuc 

103 OOCDCMX C UOuCCcu 

105 CUUA1CU 0 uCCcuCA 

106 UCAUCUU u CCcuCAG 
129 CAGGCuCJ C TOGgOCu 
138 GGgCCuU A CGUGGAG 
148 OGGAGA0 C AXJcGAaC 
151 AGAOCAU C GAaCAGC 

180 A0GOGa0 U CCGCOAu 

181 0GOGaD0 C OWJUAuA 
186 0OO 0QCP A uAAnBGC 
204 GGGOGCU C aGOGGGC 
217 GCAGuAD u OCuSGOQ 
239 CACAGMJ A OCAGCAA. 
262 CCACCAD C AAGABCA 
268 OCAAGA0 C A AB GGCO 
276 AADGGCO A CACAGGA 
301 UuCGaAP C 0O 0C DGG 
303 CGaADCU C CC UG G UC 
310 CCCOSG0 C ACCAAGS 
323 GG c OOO O C COCcuga 
326 uCCaCCO C ACOGGCC 
335 CCGGCCT C AuCCaCA 
349 AuGRaCO O GOgQGgA 
352 AGaUcaU c GaAcAGc 

375 GAJDGGCU a CQADGAG 

376 ADGGucU C UccGgaG 
378 GGCOaCO A OGAGGC0 
391 CTGAcCU C OGCCCaG 
409 GCaGuAU C CAuAGcU 

416 OCgCAGQ a OOCAuAg 

417 CAuAGcO 0 CCAGAAC 

418 AuAGcDU C CAGAACC 
433 TOGGgAU C CAGOGUG 

795 GGCOGOU U UOCuCAA 

796 GCTCCTO 0 DCuCAAG 

797 C0OC0O0 0 CuCAAGC 

798 UOCDD00 C uCAAGCCT 
829 TOGCCAU 0 GOTOOCC 



nt Position HH Target Sequence 



467 CCAGGC0 c cuguPOg 

469 AaGCcAD U AGcCAGC 

473 tJuOgAOT C AGauCAg 

481 AGOGaAU C CAGAOCA 

501 AACCCC0 0 uCAcGOO 

502 ACCSCOa u CAcSOOC 

508 DuCAcOT 0 CCBAOAG 

509 uCAcGOa C CQAEAGA 

512 . o Goaoay a xjas^ga 

514 OCOCUA0 A GAgGAGC 

534 CGGGACa A uGACUOG 

556 0GOGcC0 C 0GOP0OC 

561 C5 COQO0 0 CCAGGOG 

562 O0OSO00 C CAGGOGA 
585 aAgCCA0 u AGcCAGc 
598 GGCOOCU C CuOSQGa 
613 CcCCD GO C CUcuCaC 

616 C0G0CC0 c uCaCBOC 

617 gucCCO0 C COCAgCC 
620 CC0 0 CCO C AgOCaug 
623 DCCOgc0 u CCADCOc 
628 ADOOgfttf u 0ODGAuA 

630 OCgAOuU 0 DGAuAAc 

631 CgADuDU 0 GAuAAcC 
638 OGgCcAU u GOGuuCC 
661 COGAGC0 C AAGA0C0 
667 0CAAGA0 C CGCP GA C 
687 OSgAACa C CGGgAGC 
700 GC S GCC P C G GQB SGG 
715 ADGAGAD C UDCuDgC 

717 GAGAOOr 0 CuD&OTG 

718 AGAOCOU C uDgCDGU 
721 UudLKJJJ c CauDGcG 
751 AaGACAU 0 GA GG0G 0 
759 GAGGOG0 A 0OOCACG 

761 GGOGOA0 0 OCACGGG 

762 GOGOAUO 0 CAOGG GA 

763 DGOADU0 C ACGGGAC 
792 • GGAGGC0 C CCOOOCu 
1167 GA05AG0 0 UuCCcCC 
1163 ADGAGOa 0 uOCcCCA 
1169 0GAGO00 u CCcCCAU 

1182 ADGCCJ30 0 aOCaDCa 

1183 TOcOGDa & CCaOCaG 
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834 
835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1031 



1133 
1137 
1140 



1158 
1660 
1681 
1683 
1686 
1690 



ADOGOCT 0 
OOGOGOq c 
GACuCCU C 
CCOGCgtX A 
cCAGGOJ C 
UuOGaGCT C 
CGaJSJCJ C 
GCGGCC0 0 

ooo croo c 

GcGAOCa C 
ADGGAgU 0 
OGGAsOT C 

GCCucMJ e 
AGAuGACJ C 
CagCaca u 
ACCGGMJ U 

(agflcea u 

AOGACrP A 

GAfiaoax 0 

AGALSJUU C 
AGM2UA0 C 
GAK2OT C 

GAGocar a 

& S0OC0O a 
GOCOTOO C 

cuasxp c 

OaCftOCIl u 
GgCGuAtJ U 
OGOG OCP a 
aaOQCOa C 
OGa A aCO C 
CDCAaCU U 
XJCAaCOCJ C 
C0OCUG0 C 
CAGCOCCJ A 
QCCaEMJ a 

c 
c 

TCCaPcP c 

UUUACUtJ u 

cCagCMJ C 
GCACCMJ C 
ADGAACa U 
GAAGAC0 tJ 
AAGACOO C 
GACOOCO C 
UUCDCCU C 
GCOQCAU U 



CCGGACu 



OOCoGAC 



AGOSAGC 
GCSU3SUC 
CAGQACU 
QlDOCCA 



CAAGAGu 
AAGAGuA 
ADGAAGA 

cooocAa 



AauGGAC 
CAaCcCS 
GAiicCAa. 



OOOSaAa 



AaCOGCa 
O0 S 0 O DC 
OSOO O OC 
OCCAAGC 



CCDcAGC 
AACDUDG 



CPO C D OC 
OO COOC A 



1184 
1187 
1188 
1198 
1209 
1215 



1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccU C 
GOCCCUP C 
OOaOCaU C 
GGgAGuU u 
CAGcCCU a 
cuGOCCD U 
GGuCOCD U 

COCAgcCT c 

CCAGcCU C 
O CC a Q C U C 

c crosso c 

gOGGgtSD C 
ABgAGuU u 
CuOOOGQ u 
CCCCAGU u 
CAOTuCQ A 
gOGuCCU C 
OmPbCCT C 
AOSCOGU C 
COGCAG0 0 

ugcagot 0 

GGGGCCD 0 
CCDUGCO 0 
GgaGOOT U 
gaGCCOa C 
COGOCMJ C 
CuDCgGa a 
GACAACU C 
UCaGAGCJ U 
CaOUSOa u 
aGAGUOU C 
gGuOCAXJ c 
ADGGAGU A 
0GAaGC0 A 
AaGCOMJ A 
UAHAAC0 C 
COCuCCU A 
CCCRGOT C 
OCCPBCP u 
CGGGGCO u 
COG&GC0 C 
cuOJgaa u 
uCDgCDU c 
CDCgcOT u 



CDcCOGa 
COcaGCc 



aGCaCCG 
OCucAGc 

c o soo o c 

CAGgCuC 
Cu OCC c c 
cObiCcii 
AOCPgcO 
OecOCCA 
CgAGDCu 
COftaCCC 
aCOOCgG 
CcCAGuC 



UGADGC0 
GADGcGG 
GCDOGGC 



ACAGAOC 



GggftACCT 
aGAGUOQ 



CAGCAGC 
AGpCAGLU 
CCOGOGu 
CCCDGAa 
0AACOOS 
AC OCO OC 
GCCDgGO 



COSOcOC 



C3U0OGOG 
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1704 Arasaca a cocugcu 

1705 OGGACOT C TJCuGCuC 

1707 grcoocxj c ugcucdu 

1721 uuDGAGQ C AGADCAG 

1726 GOCAGMJ C A GOJ L UJ 

1731 ADCAGCCT C COAAGGu 

1734 AGCOCOJ A AGGuGcCT 

' 1754 CaGugCU C OCaAGAG 
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Tab!© 18 

Human re! A HH Target Sequences 

nt Position HH Target Sequence 



19 AADGGCU C GOCOOTA 

22 GGC O OGO C 0GOAG0G 

26 C CPCOGO A GOGCAOG 

93 GAACOG0 0 OXOCUC • 

94 AA OJLrUU C OCOCP O V 
100 UCC OCOJ C ADCDOOC 

103 c oc oca o C U PJC CUS 

105 c o c aDC P tr oooqgc a 

106 DCADCOD C CC3GCAG 
129 CM3QCGB C O B OCCC C 
138 GGC CC CT A OGOQS&G 
148 C JU0Q3AGC 
151 AGRDCR0 U GAGCAGC 
160 ADGOGC0 U COQGOAC 
181 OSOQCOa C OGG0AC& 
186 DOOCGCP A CAAGOGC 
204 GGGOGOT C CGCGGSC 
217 GCAGCMJ C CCW330G 
239 CACAGAD A CCACCAA 
262 CCAflCMJ C AAGKOCA 
268 OCAAGAU C AM3OQC0 
276 AA0GGCO A CACAGGA 
301 OGCGCAU C UOOCCGG 

303 cgc m co c cooaggc 

310 CCCOQGU C ACCAAGG 

323 GGAGCCO C COCACOG 

326 OOC O D CO C ACCGGOC 

335 CCGQOCO C ACOOOCA 

349 ACGAGCO 0 GUAGGAA 

352 A Q C 00G0 A GGAAAGG 

375 GADGGC0 0 CQADGAG 

376 A DSaCOO C 0AD3AG3 
378 GGCODCO A OGAQGC0 
391 COGAGCU C OGOCCGG 
409 GCUUCAX7 C CACAGO0 

416 CCACAGU 0 UCCAGAA 

417 0 CCAGAAC 

418 ACAGUUU C CAGAACC 
433 UGGGAAD C CAGUGOG 

795 GGCOCCD U UUOGCAA 

796 G CDOCOO 0 OOQCAAG 

797 OJUUiUU 0 CGCAAGC 

798 UCCOUOU C GCAAGC0 
829 OGGCCA0 0 GOGOOO C 
834 AUUGOGO 0 C0G3A0C 



nt Position HH Target Sequence 



467 GCAGGC0 A OCAGOCA 

469 AGGCDA0 C AGOCAGC 

473 GADCAG0 C AGCGCA0 

481 AGCGCAD C CAGACCA 

501 AACCCCU 0 CCAAGO0 

502 AOOCCOT C CAAGDGC 

508 CCCAAG0 0 COSVIIAG 

509 CCAAGO0 C CnAHAGA 
512 AG0OCC0 A 0AGAAGA 
514 0 GUOIA P A GAAGAGC . 
534 GGGCaCO A OGACCOG 
556 P GOQSC O C 0GCOOOC 

561 CTCOGCO 0 CCAGG3G 

562 UCUULUU C CAGGO GA 
585 GACCCAU C AGGCAGS 
598 GGOCCC0 C C G CO OG C 

613 c Gocnca c oaxjuuc 

616 CUGOCCU 0 CCOCADC 

617 OGOCCG0 C COGM3GC 

■ 620 cajooca c adcccau 

623 OCCOCA0 C CCADCD0 

628 AECCCAU C UUUGA CA 

630 CCCADCO 0 UGACAA0 

631 OCAUCUU 0 GACAADC 
638 OCSUCAAH C GJGOXi: 
661 OQGAGCO C AAGADCD 
667 0CAAGA0 C DGQOGAG 
687 CGAAAC0 C D GG CAGC 
700 GCOGOC0 C G^OUG S G 
715 ADGAGA0 C OOOCOR C 

717 GAGA0C0 0 COOACCG 

718 AGADCDU C COACBG0 
721 OCCGCCU A COGOGPG 
751 AGGAOtfJ 0 GAGG D G 0 
759 GAGGOG0 A COOCACG 

761 GGOGOA0 0 UCACGGG 

762 GO3OAD0 0 CACGGGA 

763 USQAC00 C AOGG GA C 
792 OG A GGC0 C C ODOOCS 

1167 ' GADGAG0 0 POCCACC 

1168 ABGAGOT 0 CCCACCA 

1169 0aGO00 C CCAOCAU 
1182 ACGGCGO 0 DCCO0C0 
U83 CGG0G00 0 CXJUUCUG 
1184 GGOGOO0 C CCOCDGG 
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835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
101S 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 
1704 



UOGOGOO 
GRCCCC0 

ccoccaj 



CGOGOCa 
QOQSSCJ 
CGGGCOO 



AGAGG&0 C GOCACGG 



ACCGGAD 
GAAACG0 



AGAi 
AGAGCA0 
GAAGAG0 



AG0CCO0 

Gooooao 

COG G CCP 
DOCAOCU 
GAOGGA0 
OGOQOCO 



CGCAGCtf 



TCAGCO0 
C 00C0 G 0 
CAGOCC0 
GCCCOA0 
DAOOCCT 
AJJULUUU 
UOULUUU 



lltitl;T*€-,« 



GGAOCA0 
ADCAAOT 
GAAGACTJ 
AAGACOU 
GACOOCD 
UOCOCCO 
CCPCC A P 



c 
c 

A 

C 0OCADGC 
C GAUGCAG 
0 OOSAOOS 

c 
c 

0 

c 

A CCDGCCA 
A CAGAOSA 
C 

C Al 
0 

A AAAGSAC 
A OGAGACC 
XJ OUVGAOC 
C AAGAGCA 
C ADGAAGA 

c caaacA G 

U UCAGGGG 
U CAQOGGA 
C AGGQGAC 
C CACCDCG 
C GAOGCAU 
0 GCDG0GC 
0 COOGCAG 
C OGQCAGC 
C AGC OOCO 

0 c uGuax : 

C D G 0O O0 C 
C OOCAAGC 

a ocoa ro a 

c OCOOOAC 

0 tnam. 

0 AOGOCA0 
A CXSJCADC 
C ADCCCOG 
C CC0GAGC 
C AACDADG 
A 0GADGAG 

0 oaocaoc 

C TOCOCCA 

c 
c 

0 GCGGACA 
0 CDCAGCC 



1187 
U88 
1198 
1209 



ttfltll 



uuuucuu 



1229 
1237 
1250 
1268 
1279 
1281 
1286 
1309 
1315 
1318 
1331 
1334 
1389 
1413 
1414 
1437 
1441 
1467 
1468 
1482 
1486 
1494 
1500 
1501 
1502 
1525 
1566 
1577 
1579 
1583 
1588 
1622 
1628 
1648 
1660 
1663 
1664 
1665 



OC OGCC a 
GGCGCOJ 



GCAOQG0 
OX IXjOl 



CCC OJUU 



CAGQOC0 
AGGCCOX 

ooc o oo q 

AOGCOG0 



QGGGOC0 
CC0O5C0 



*• r*t 



COGGCA0 



CAB 



Al 
Al 

OGAJ 
AGGC0AU 
0A0AAC0 
COUOJCU 



Al 

GQG 0O0 U 
CC0OCO0 
QKXUUU 



0 COOQGCA 
C OGGQCAG 
C AGOCAGG 
C GGOC00G 
0 GGOCOCG 
C COCAAG0 
C CD GCOO C 
C CAGOOOC 
C CAGCCAa 
A 0QU3CDC 
C AGCDCCG 
C 0GGQOCA 
C CCAGOCC 
C CUAGCCC 
A GC0CCAG 
C COCAGGC 
C AG9GOG0 
C AGRGGOC 
0 0GADGA0 
0 GAOGADG 
0 GCODGSC 
0 GGCAACA 
0 CACAGAC 
C ACAGAOC 

c osaasAc 

C GACAACB 

c aacuuu 

0 TCAGCAG 
0 CAGCAGC 
C AGCAGCO 
A GC0SOGG 
A OOCOGAG 
A 0AACDOG 
A AC D CGCC 
C GCOJAGP 
A G0GACAG 
C C0GC DOC 
C 

C OOCAA0G 
C CDDUOUj 
0 UCAGGAG 
0 CAGGAGA 
C AGGRGAD 



OOCDGCO C CACDGGG 
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1705 
1707 


OTGACOT C TOUSCOC 
GACDOCO C AGCCCTO 


1721 


GCDGftSa C AGADCAG 


1726 


OTCAGM7 C AGCDCCU 


1731 


AOCAGOJ C CQAAOG6 


1734 


ASCOQCD A ABGBSGO 


1754 


CDG0CO7 C CtXAGAG 
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Table 19 

Mouse rat A HH flibozyme Sequences 

nt HH Ribozyme Sequence 

Sequence 



IS U CCUGOG CB3AO3AGGC0GAAAGGG0GAA Al 

22 CACCACG CQGAUG&GGOOS&AAGGCOGAA AGGAGCT7 

26 OOTOOGC GDGAIX3AGGCCGAAAGGCCG&A ATOGAGG 

93 GAGGGGA eOGMXaUBSOCGAAaQQOOGAA ACAGADC 

94 OTAGGGG C0GADSAGGQ0GAAAG5G0SAA AACAGAU 

ioo gaaagact oocaricsacsoo g uuyBGOOG^ aggggaa 

103 AGGGAAA CXJGADGAGGGCGAAAGGCOGAA AOGAGGG 

105 OGAGGGA UJU A IJUAGaXSaAAGa^ AGADGAG 

10$ C0GA G SG C0GaiX»O5O0G3U^GGCaSUl AAGADGA 

129 AQQCQCA C O GRIX 3 U3GCCQUUtf3GCa^ AAGCCOG 

138 cdccaca eosma GaooGa&agsooaui aaggccc 

148 GUUOiAP CXGAJDGAGGCCGAAAGGCC^ ALXJUUCA 

151 GOJGUUC CTOADGAGGCOGAAAGGCOGAA A DG A DOJ 

180 AEAGCGG OTMXSAGGOCGAAAGQCO^ ADCGCAD 

181 OAIIAGOG OXMXMGOOSUlAGGCOGAA AADCGCA 
186 O CAU U UA OX3VDGAGGCCGAA*GGCCGAA AGCGGAA 
204 GCCCGCO aXSATOAGGOOGAAAGGOOGAA AGCGOCC 
217 CGCCAGG aJGADGAGGOCGAAAGQOOGAA ADACOGC 
239 OOQGOGG aXMGAGGOCGAAAGGCCGAA ADCOGOG 
262 OGMJCOa C OGADGR GQOCGAAAGQOOGAA ADPG OOG 

268 AGCCADU cbgaiXsAggcogaaaggcggaa auojuga 

276 DDCOOPG CXXjAOSAGGOOGAAAGGOQGAA AGOCATO 

301 CCAGGSA COGAD3AGGOCGAAAGGCCGAA ADDCGAA 

303 GACCAGG COGM0GAGGOO GR AAGGO0GRA AGADUCG 

310 CCDOGGD COGAOSAGGOOGAAAGGOOGAA. ACCAGGG 

323 OCAGGAG CRaADSAGGCOGAAAGGCCGAA AGGGGCC 

326 GQCCGOT COGAXXSaGGCOGAAAGGOOGAA AGGOG GA 

335 OGOGGAU CCX2tfX3AGGOOGAAAGQOOGAA AGGCCGG 

349 OCCCCAC OT3ADGAGGCOGAAAGGOCGAA AGOOCAD 

352 GCDGGOC CDSAXX2AGGCCGAAAGGGCGA& ADGADCU 

375 COCADAG CUGADSAGGGOG&AAGGOGGAA AGCCADC 

376 COCOGGA COGADSAGGGGGAAAGGOOGAA AGACCAU 
378 AOCCOCA COGAOGAGGCCGAAAGGCCGAA AGOAGCC 
391 CPQGG CR OX3CDGAGGCCGAAAGGCCGAA AGGDCAG 
409 AGCUADG CDGM3GAGGC0GAAAGGO0GAA ADAR7GC 

416 CUADGGA C0GADGAGGO0GAAAGGCCGAA ACOQOGG 

417 GDOCDGG OTGAX3GRGGCCGAAAQQOOGAA AGCUADG 

418 GGQOCOG COGADGAGGOOGAAAOGOOGAA AAGOIAD 
433 CACACOG CCJGADGAGGCOGAAAGQOOGAA ADOOOCA 
467 CGAACAG CUGMX3AGGCCGAAAGGCOGAA AGOCOGG 
469 GCUUGCU OJGADGAGGCCGAAAGGCOGAA ADGGCDU 
473 CUGAOCCT COGAJOGAGGCOGAAAGGOaGAA ACOCAAA 
481 OGGOCOG OTCSADGAGGCOGAAAGGCCGAA A D OCG CP 
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501 AACGOGA aXSAOZAGGCCGAAAGGCCGAA AGGGGOT 

502 GAAOGDG C0GWXSU33aa3AAAGGO3»A AAGGGGB 

508 CQAQAGS CDGADGAGGCOGAAAGGCOGAA ACGOGAA 

509 DCQADAG COG ADGA G GO QGAAAQGOQ G AA AA CGOGA 
512 UO OJC U A COGADGAGGCCG^AAGCXrGAA AGGAACG 
514 GC UOCTC CDGADGAGGCOGAAAGGCOGAA ADAGGAA 
534 CAAGOCA COGADGAGGCaaAAfiGCOGAA AGOOCOC 
556 GGAAGCA CCX2ABGAGGOCGAAAQGOOGAA AGGCGCA 

561 CACCDGS aX3UX2AG3CCG5UUUQ0CCGAA AGCAGAG 

562 UCaOCDG CDGAD3AGGO0GAAAGGC0GAA AAGCAGA 
565 GOOSCCS C9SADGAGGGCGAAAG5C0SAA A OGGCOO 
598 OCAGGAS aXStfJGAOGOCGAAAGGCCGAA AGGGGCC 
613 GOGAGAG CQ3ADGAGGOOGAAAGGO0GAA ACAG3GG 

616 GADGOGA CTCMJGAGQOOGAAAQGOOGAA AGGACAG 

617 GGC D GA G CCT3AU3AGGOCGAAAGGOCGAA AAQGGAC 
620 CADGOOO aXSADGAGGCOSUAGGOOG&A AGGAAGG 
623 GAGMJGS GOG&DG&GGCOGAAAGSCCGAA AGCAGG A 

628 HADCAAA C93ADSAG3OCGAAAGG00SAA ADOGGAD 

630 * GUUAUCA CO3ADGAGQ0OGAAAGG00GAA AAADOGG 

631 GGOQADC CDGADGAGGCOGAAAGGCOGAA AAAADCG 
638 GGAACAC aJGADGKSGOOGAAAGGOOSAA ADGGOCA 
661 AGADCOT CDGADGAGGCOGAAAGGOOGAA A QCOOQG 
667 CDCQGCA CEX3AEGAGGCOGAAAGGCOGAA AUOJUGA 
687 GCOCOCA CTOADGAGGCCGAAAGGCCGAA A GDDCCG 
700 CCCCACC CD GM O GA GgOOSAAAOSOOSAA AGGCAGC 
715 GCAAi^A COGADGAGGOOGAAAGGCCGAA ADODCA0 

717 CAGCAAG OTGATOAGGOOGAAAGGCOGAA AGADCOC 

718 ACAGCAA COG A DQAGGOOCS^AAGGOOGAA AAGAOCU 
721 . CGCAADG CDGATOAGGCTGAAAGGCCGAA AGGAGAA 
751 ACACCOC OT3A03W3GCCGAAAQGCCGAA ADSOCOO 
759 CGCGAAA CP5APSAGGCCGAAAGQO0GAA ACAOCOC 

761 OOOGOGA CDGADGAGGCOGAAAGGOOGAA AUACACC 

762 POCOGOG OJGADGAGGOCGAAAGGOOGAA AA0ACAC 

763 G0CCCS0 C O C ADGa GQOCGAAAQGOOGAA AAAQACA 
792 AGAAAAG CP5 APGA GGCOCAAAGGCCGAA AGCCDCG 

795 UOGAGAA CDGADGAGGCOGAAAGGOOGAA AGGAGCC 

796 COOGAGA CDGADGAGGCOGAAAGGCOGAA AAGSAGC 

797 GCOOGAG CDGADGAGGCOGAAAGGOOGAA AAAGGAG 

798 AGCOOGA COSa P SMQOOSUUUSCPaSaUl AAAAGGA 

629 GGAACAC CDGAD3AGG00GAAAGGCCGAA ADGGCCA 

834 AGOCCQ G COGADGA Q G C OGAAAQGOOGAA ACACAA0 

835 GAGOCOG OX»DG3USGCOGAAAGGCCGAA AACACAA 
845 GCGQAOG OT3ADGAQGCOGAAAQG00GAA AGGAGOC 
849 C O OQSO S COGADGAGGOS^AAAGGCCGAA ACGGAGG 
872 CGAACAG CDSAD3AGGCOGAAAGGCOGAA AGCCOGG 
683 GCADGGA COGADGAGGCCGAAAGGCCGAA AC0QGAA 
885 CTOCADG CO3ADGAGGCCGAAAGG00GAA AGACOCG 

905 CGADOM3 COGAOGAGQOOGAAAGGCOGAA AGGOCGC 

906 GCGADCA CDGADGAGGCOGAAAGGOOGAA AAGGCCG 
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gcccaco oiau j uA flsoaauAGQcaaii aqcxfosc 

GOACOOG GUGAIXJAGGOOGAAAG300GAA ACUCCAI7 
AGOACOG OTGADG&GGCOaAAGGOOGAA AACOOCA 
UGGCAAG OX^UJGAaXraUVAGGOCnAA ACOGGAA 



OGGOGGC OJGMXSraxaSAAAGGCOGAA ADCADCO 
GDCOG G C 



aca o ao c cdgadsagggogaaaggcogaa adocggo 
Acocaas cog&bs&ggoogaaaggcggaa aggococ 
ggscoca axaDsaflaca a AAcsoosui aggoooj 

ACOCOGG CDGMXaGGOOGAAAGGOGGAA AQS O C O C 
nACOCTO CBS&H3U2G30GAAAGGGCGAA AAGGOCB 
UCUUCA0 COCa D SaCSOCGAAAGCSOOGaA Anaoxxr 
UDGAAAG CDGAOG3*GGCX3GAAAGGaOGAA A OJOJUC 
CCAOOGA O J GAUUA GGCaSAAAGGaxaA AGGACOC 



GOCCADO CDGAD3AGGOCGAAAGGOOGAA AAAGGAC 
COQGADC CDGRBGRflGCOSUOkffSCCGAA AGGOOTA 



DOOO G SS aXaroAGGOCGaAAGGCOSAA AGGGACA, 
AC00OQS CTOMX2AGQO0GAAAGGO0G&A AAGGCOCT 
AGAAGOO COGaD GA GGOOGAAAgGOOGftA A CDOOOS 
GGGACAG COGMGflQSOaaAA GGC O G& A AGOOGAG 
GOGGACA GOGADGAGGOOGAAA3GOGSA& AAGOOGA 
GCOTOG3 COGADGAGGCCGAAAGGOOGAA ACftGAAG 
GAAGGOG CDGRDGAGGOGGAAAGGOOGAA AGGGCUG 
GOAAGGC axaDGAGGOaSAAAGOOOGSA ADADGGC 
OOGOGCg aJ UAUGA QQCO GA AAGQCCGAA AGGGMJG 
ADGCOGG C0GADGAGGOGGAAAGG00GAA A& SGOGO 
GAAGCOG CTOWX3AGGCCGAAAGQOOGAA AGADGGA 
GCGCGCO CTOftaSAGGOOGAAAGGOCG&A AAGOAAA 
GCDGAGG CO3WXaU3G0CGAAAGGpraA AD GC OGG 
CAAAGOO OTATOAGTOCGaAAGGCOSAA ADGGOQC 



GGGGGAA COSMJGNSGCOGAAAGGCCGAA ACOCADC 
OGGGQGA CCGADGAGGOOGEAAAOGCOSAA AACOCA0 
ADG3GGG CDGADS&GSOaSVAAGSOQSAA AAACOCA 
tJGADGOT CXJ3AZJ3AGGQ0GAAAGGGCGA& ACAGCAD 
COGADGG CTOftDGAGGCCEEAAAGGOOSAA AAOU3CA 
TCAGCSU3 CDG^D3AGGOOC31AAGGOCX3AA AG9GGOC 
GGGOGAG aXaADGAGGOOGAAAGGOCGAA AAGGGAC 
C UG C XX a GCK2ADGAGGOCGAAA&GOGGAA ADGGGAA 
UCAGACa GCXaADGAGSOOGAAAGQGOGAA AAGDCCC 
GAAGGOG CCGADGaflSOO GA AAGQOOGAA AGGGCOG 
CGGOGCU C0GAD3AGGC0GAAAGQ00GAA AGGOCAG 
GCOGAGG C0GADGAG3O0GAAAGGOOGAA AGGGACC 
GGGGCAG aX3U3GaOGOO»AAGGOOGAA AGCDGGG 
GAGCCTG CCKSADGAGGCXXaAAGGGOGAA AGGGOGG 
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1268 G0S0OU5 CDGADGAGGCXX»AAGGO0GAA AQCOGGG 

1279 AGGAAGG eOGADGAGGCaaAaGSCCGaA ACCAGGG 

1281 OXaGCD CXXSUXSU3SCOSUUWSS0CGAA AGCCCAC 

1286 OGGQGGA COGADGAGOCaSAAAGGCCGAA AACOCAD 

1309 AGACDOG COGMXa fiSCaa aaGSOOGAA ACAGGAG 

1315 gogooa c cdga05aggocgaaaggcogaa aoos33g 

1318 cobgsgu cogaixsuscxxxsaaaggc^^ agaacog 

1331 GRC OGGG C D e aP G a USSOO S OAGGOOSaA AGGACOC 

1334 OCAGCOa C0GATOAG3CCGAAAGGC0GAA AGAAAAG 

1389 GGCUUOC COGA03AGGCO3AAAGGCCGAA ACAGCGC 

1413 A G CAUCA aXSUJSAOSCCGAAAGSCaSU ACCQCAG 

1414 CAGCADC CO^TOAGGCE^AAAJSGCCGAA AACCGCA 
1437 GCCAAGC CH3GGAGGCCSAAAGGCQGAA Afl SC C CC 
1441 0GPOGOC CTCaEXaflGOO G& AAGSOOGAA AGCAAGG 

1467 G 0 C 0GOS C0GWX3AGG0CGAAAGGCCGAA ATACOCC 

1468 ggooogo c osap c re ooo sm csa asa A AACACUC 

1482 GOCCACA Q33ADGAGGOOGAAAGGOCGAA adgccag 

1486 jyS DO OOC CDGABGAGGCCGAAAGGCOGAA ACOGAAG 

1494 aaacocd ax aD G A GGcosAAAGGcoGAA A Q00G0C 

1500 COQ C PGA CO GRDGA GGOOGAAAGGCCGAA ACDCOGA 

1501 GCO3C0G COGATOAGGCCGAAAGGCCGAA AACOCCG 

1502 AGC0GOJ OXaDGA GSmSAAAGSCaSAA AAACOCU 
1525 ACACAGG COGA03AGGOOGAAAGGCCGAA ADGCACC 
1566 UOCAGGG COGATOAGGCCGAAAGGCCGAA ACOOCAD 
1577 GGAGOGA CIXSADGA GSCOGA AftG GC OGAA AGCOOCA 
1579 GGOSAGU CPG AP 5AGGCCGAAAGSOCGAA ADAGCOU 
1583 • AOCAGGC C0GAOSU33CCGAAAGGC0GAA AGUQADA 

1588 coco ajc ccxsaixsaggccgaaaggccgaa aggagag 

1622 GGGGGAG COQADSAGGCOGAAAGSOCGAA AQC O GG G 

1628 OCDAOOG CDSADGAGGQCGAAAGSCGGAA AGCAGGA 

1648 CADUGGG C0GAP5AQG0CGRAA G SOC Sft A AGCOOOG 

1660 CDGGGCA C0GAO3AGGCCGAAAGGO0GAA AGGOCAG 

1663 CACC O QG CDSMSMSOOGAAA GSO O g A AGCAGAG 

1664 OCAOCOG CDSADGM5O0D BUUU3SOOGA A, AAGCAGA 

1665 ACCDCCG COGSUDGAGGCCGAAAGGCCGAA AAGOCAG 

1680 GGAQSAG CaSADSAGGOOGAAAGGOCGAA AGOCOUC 

1681 UGGAGGA COSAOGAGGCCGAAAGGCOGAA AA GOCOO 
1683 AADGGAG CDGADGAGGOOGAAAGGOOGAA AGAAGUC 
1686 OCCAADG C0GWJ3AGG00GAAAGGCCGAA AGGAGAA 
1690 DGOCCGC OXSUIGAGGCOGAAAGGfCOGAA ADGGAGG 

1704 AGCAGAG CDGADSAGGQCGAAAGGOOGAA AGOCCA0 

1705 GAGCAGA COGADGA GGC O GA AAGGOOGAA AAGQOCA 
1707 AAGAGCA CEXSAXXSAGGCpcaAAGGCOGAA AGAAGDC 
1721 CDGAOCO COGAOSAflGCDSAAAGGCCGAA ACDCAAA 
1726 AGGAGC0 OOSAQGAGGCOGAAAGGOOGAA ADCOGAC 
1731 ACCOOAG COSAnaGQCXXSttAGGCCGAA AGCDGAD 
1734 AGCAOCa CQ3ABGAGGCCGAAAGGO0GAA AGGAGCU 
1754 COCU0GG COGADGAGGCOSUttGGCOGAA AGCACOG 
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Table 20 

Human re! A HH Ribozyme Sequences 

nt Position HH Ribozyme Sequences 



13 
22 

26 CGOG C a C 
93 



94 PGABGQG COGAPG a flGOOgkA A GGOOG A A AACRGOT 

100 GGAAGM7 COGADGAGGCO^AAGGCDGAA AGGGGGA 

103 OCGS GA A CEX3U32AGGCOGAAAGGOCGAA ADGAGG3 

105 ogcogss c aGraa cggg&AA G s aB ^ agadgas 

106 C O S OO S S OJGMXSAGCXraulAGSOa^ AAGADGA 
129 GGGGCCA CtxaDGAQGCOGAAAGGCCGAA AGGOC OG 
138 COCCACA G0GADGAGGOOGAAAGGO0GAA AGflGSCC 
148 GCOCAAJJ CDGaTOAGGOOGAAAGGOCGAA A DCO O CA 
151 G COGCDC COGRDGAGGOOG A AAGGOOGAA ADGAPCO 

180 GOAGCGG COGADGAGGOOGfeAAGGOCGAA AGCGOUJ 

181 OGOMOG COSIXSAGGaaGAAAGGCCGAA AAGOGCA 
186 GOVCOOG axaDG3«3GCCGaAAGGCCGAA AGCGGAA 
204 G0O0 5CS CDGADGAGGCOGAAAGGCCGAA AGCGCCC 
217 CQ CO0GS OJGMXSySGCa^^ ADGCOGC 
239 0OGSOGS CIAaAtAjA GQOOGRAAOQOCGAA A D O J G UG 
262 OGABCOT COGWXAGGCCGAAAGGCaGAA AD GGOGG 
268 ABOCroa C0GaPGSysS0a5lAAGC3OOGSA AUCUUGA 
276 0 OCDGOG CO3AO3AGG00GAAAGG0CGAA AGCCAD0 
301 CCAGGGA CDGAPSAOGCQGAAA GGC CGAA ADGCGCA 
303 GACCAGG OTSADG&GGOCGAAAGGOCGAA AGADGOG 
310 CCOOGGO ajGR0EVGGOO»AAGGCa£»A AOCAG QG 
323 CGGOGAG CDSATOAGGCOaAAGGCCGAA AGGGOOC 
326 GGCCGGO COGAIXSAGGCnaAAGGaaGAA AGGAGGG 
335 0GGGGGC7 COGADGAGattXaAAGGOCGAA AQGCCGG 
349 ODOCO nC OJGADSAGGraAAAGQCCGAA AQC O CG O 
352 CCUUUCC OT2AD3AGGC0GAAAGQCGGAA ACAAGCCT 

375 GOCADAG OlSADGAGGCaSUtftfaXXXjAA AGCCADC 

376 CCDCAnA aXSADGBGGCCGAAAGGCOGAA AAGCCAD 
378 AGOCOCA GUGNJUAGGOOG3UUV0GOXAA AGAAGCC 
391 CCGGGCA aJGADGAOQOOSUUtf^OOGAA AGCOCAG 
409 AACOGOG C0GAD3AGGCO2\AAGGCCGAA AOGCAGC 

416 00CO0SA CCX2AXX3U3GOOSAAA0SGOGAA A CPSOGS 

417 GOOCOGG C0G3OI3AOGOa3UUU3CXXCAA AA CDGDG 

418 GGDDCDG COGADGAGQOaaAAOQGCGAA AAACDGQ 
433 CACACOG C0GAXJGAGGCOC»AAGGCCGAA ADUCCCA 
467 DGAC0GA CDGAIXSUQGCOGAAAflGOOGAA AGOCDGC 
469 GCOGACa CDSADGAGGCOGAAAGGCOGAA A 
473 AOGCGCa 



481 UGG C JCUG COGAWSU3GCCC3AAAGGCCGAA RDGCGCO 

S01 AACUOSG C03AD3J3GCCGAAAGGCIXJAA AGG GGDO 
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502 GAACDDG CXX3AD3AGGOOGAAAGGOCGAA AAGOGOT 

508 COW3AGG axaDGAGGCO=AjUH3GCa»A A UJUUUA 

509 UOIMBU3 COSAlXiACCXXXIAAAGGCOGAA, AAGTOGG 
512 UCULRJUA CTOATOAOGCCGAAAG3CCGAA AGGAACU 
514 GCUCUUC COGMJGAGGCCGAAAGGCCGAA AOAGGAA 
534 CAOSOCG OX33tfl3AGGOa3XAiU3GCrGWl AGO0CDC 
556 GGAAGCA CCGAIXaAGGCCGAAAGGOSGAA AGO0GCA 

561 CACCGG3 CTOADGAGSCCGAAAGGOCGAA AGCBGAG 

562 UCACCDG CeXaADGA G GOOGAAA GSOOGA A AAGCAGA 
585 C OJ GC aJ aX3ttX3AGG0CXSUAG3aDGAA ADGGGOC 
598 GCAGGCS CT G aDGA GGCOSkAAGGC ffiA A acasooc 

613 'gaggaag ccgaxgys a oDG a aa Ga c a^ acaggcg 

616 GADGAGG OTSTOAGGCCGAAAGGOOGAA AG5&CAG • 

617 GGADGAG COGRDSAGGCOGAAAGGaaSAA AAGGACA 
620 ADGGGA0 etoGAOBUSQCO Ga AAQGOOGAA AGGAAG3 
623 AAGADGG COGWXaGGCCGAAAGGOCGAA ADGAGGA 
628 OSaO UA COGSUOGJUSSOQB^A G G O C Ga ft, AD3S 5A P 

630 adogoca u uuAuui tf^uaauu^oaoasA agadggg 

631 G ftDOGOC CTOMXSVGGCCXI^ AAGADGG 
638 GGGGCAC COSMX3AGGCOSUttGGaCXa& ADOGOCA 
661 AGADCUa OXiAUGAGCXCGAAAGGCCGAA AGCDOGG 
667 CDOGGCA COGADGAGGOOGAAAGGCCGAA ADCTOGA 
687 GOJGCCA CX3GKOGAGSQOGAAAOt90CGAA A GOOOCG 
700 CCCCACC C0GADGAGGCO3AAGGCCGAA AGGCAGC 
715 GOAGGAA COGACGAG GO G GA AAGQOQGAA AUCOCAB 

717 CAGGAGG CUGADGAGGCOIAAAGGCCGAA AGADCOC 

718 ACAGOAG CUGaDGAGGCCGAAAGGCCGAA AAGADCD 
721 CACACAG CXXSADGAgGOG GA AAGGOOGAA AGGAAGA 
751 ACACCOC CUGADGAGGCCGAAAGGCCGAA ADGDOCU 
759 CGOSAAA C03ADGAGGCO3AAAGGCa»A ACACCOC 

761 CCCGOGA COS AJ C UA GGCCGAAAGGOOgAA ABACACC 

762 UOXia K C0GArXSU3GC0GAAAGGO33AA AAHACAC 

763 GOOCCGU CTOAOTAGQOOGAAAGGOaGAA AAADACA 
792 CGAAAAG COSADGAGGCCGAAAGGCCGAA ACOC O C G 

795 UOGCGAA CTGSVCRaGGCCGAAAGGCCGAA AGGAGCC 

796 COOOCGA COGADGAGGOOGAAAGGOOGAA AAGG3UGC 

797 GCUOGCG COGADC5U3GCO GA AAOQ005AA, AAAGGftG 

798 AGCUUGC CG3ADGAGGOQGAAAGGOOGAA AAAAGGA 
829 GGAACAC COSAOSAGGCOGAAAGGOOGAA ADGGCCA 

834 GGDCOGG C0GAO3AGGCCGAAAGGC0GAA ACACAAU 

835 GGGOCCG CTOAIJ3AGGCCGAAAGGC0GAA AACACAA 
845 GCGOAGG CU^ A UUAGUXGAAAGGCC GA A A QGGGOC 
849 GDCUGCG CTOADGAGGOOGAAAGGOOGAA AGGGAGG 
872 CGCACAG COGADGAGGCQSAAAGGCCGAA AGOCDGC 
883 GCADGGA COGADGAGGCOGAAAGGQOGAA ACAOGCA 
885 CCGCAEG OX3ADGAGGCCGAAAGGCOGAA AGACACG 

905 C5GO0GG CDGADGMGCCGAAAGGCOGAA AGGO0GC 

906 OCGG0CG OJGMJGAGQCCGAAAGGCCGAA AAGGOCG 
919 GC0CAOJ COCaBGAGGCOQUttGGOOGAA AGCOCCC 
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936 GQACOGG COGADGaGGOCGAAW^^ ABOCCMJ 

937 GGUACOG COTADSUSGCCGAAAGGGCGAA AAOTOCA 
942 TOGCAGG aJ GAUGA GGCOGAAAGGaSSAA ACDGGAA 
953 0OG0CPG U^AIJUA GGCCgAAGGCC^ ADCDGGC 
962 OBSOG AC CtX3ATOAGGCCGAAAGGCCGAA AD OGP OJ 
965 A DO C G G D COG APa GGCTGMVAGGCCGAA ACGADCG 
973 UCUC C DC COGATOAGGCXSAAAOGCXSAA ADCCGGU 

9S6 coocooo eoG aa a a GgooGRMosoasaA a osoodc 

996 GSOCOO k CXCADCSUGGCOSlAAOGraSAA ADGOCCO 

1005 GCOCOOG C LXSAUUauX 30C5&&AGGQCSUV A GSOCSC 

1006 UUCUOJU COGAPGgU33OCmAMS30 GA X AAGGUCU 
1015 OCOOCM J C0GaDGaGG0O»JUU9GaaGAA A D GCDC J 
1028 CGGA&AG CTCABGAGGCCGAAAGGCOGAA A CTC30C 

1031 CCGCOGA UWALIGAGGCCGAAAGGCCSAA AGSACDC 

1032 aCDGCDG CT^aGAGGCO^AAGCXril^ AAGGACJ 

1033 G 0C 0 GO 7 GUGAUGAO^X glAAG GC C GA A AAAGGAC 
1058 CGAGGOG CCJGA03AGGOOGAAA0QGOGAA. AGGOCGG 
1064 ADS0S0C OTSADtaGGCCGftAAGGCOCjRA AGSOGGA 
1072 GCAOUGC CX3 M 0 G>OQO OGRfta G C3OO G3 A A D GOS OC 

1082 COGCGGG COG ADGA G GC CGAAA GG CC GA A AGGCACA 

1083 GC 0 QOG S CaXSRXXjAOXXGAAMGOCGA^ AAGGCAC 
1092 AGAAGOJ C030X3lUS3COG3UAGSCrX^ A GCOGCC 

1097 GGGACAG CT3AIJ3WS3CXGRAAQGCCS^ AGCOGAG 

1098 GGGGACA C0G att3 U 3 G O CGAAAGGCCGAA AAGCUGA 
1102 GCUUJ QS CBaAroAGGOOGAAAGGCOGAA ACAGAAG 
1125 AAAG3GA OX5AIX»GGCCGAAAGG00GaA AGGGC PG 
1127 GUAAAGG COG7UP3AG GO O GA AAGGOQGAA ADAGGGC 

1131 TOADOTA COGATTOGGCCGAAAGGCCGAA AGGGM3A 

1132 ADGACGCJ OX3MDGAGGCXXSAAAGGOOGAA AAGSGAU 

1133 GADG3U0S CDGAXXaRGGCCGAAAGGGOGAA AAAGSGA 
1137 CAGGGMJ OSaDGAGGCCGAAAGGCCGAA ACGUAAA 
1140 GGDGAGG COGStiDGAGGQGGAAAGGCOGRA ADGACGU 
1153 CMJAGOT CTCAIJ3AGGCOGAAAGGCOGAA A DQS0G C 
1158 OXAUCA CTGRDBRQGOCXSUUySGCaSAA AGUDGAU 

1167 GOTGSGA OTGMX3AGGCCGAAAGGCCGAA ACOCADC 

1168 OGGOGGG aX3MX3AGGCOSVAAGGCOaA AACDOVU 

1169 JU0GGOGS CBGAEGAGGGOGAAAGQOCGAA AAACDCA 

1182 AGAAGGA aXRCTa GGOOGAAAGGOOGA ACACQAD 

1183 CAGAAGG CXXaADCSUGGCOSlAAGGOOCSUl AACACCA 

1184 OCAGAAG C0C? U0Ga GGOOGftAAGGOCGAA AAACACC 

1187 O GOC CA G OXjAD3AG3CCGAAAGGCCGAA AGGAAAC 

1188 COGCCCA CCGADGAGGCCGAAAGGCOSAA AAGGAAA 
1198 CC0QQC D COGAIXjAGGCCGAAAGGOOGAA ADCOGCC 
1209 CAAGGCC COGAOTAGGCCGAAAGGCCGAA AGGOCDG 
1215 OGQG G CC CCX3V0GAGGOGGAAAGGGGGAA AGGGOGA 
1229 ACTOGGG OT3ADG&GGCCGAAAGGC0GAA ACGS GO C 
1237 GGGGCAG COGADGAGGQOGAAAGGCCGAA ACODGGG 
1250 GGGGC DG CGGADSAGSOQSAAAGGOGGAA AGCCOGG 
1268 ATOGCTO CTOAII3AGGOOGAAAQ3CCGAA AGCAGGG 



SUBSTITUTE SHEET (RULE 26) 



NUC 37842 



0 

WO 95/23225 PCT/IB9S/00156 

238 

1279 GAGCTOA COGADGAGGCO^AAAGGCCGAA ACCADGS 

1281 CAGAGCO COGaDGaQGCCGAAaGGOOGAA AOACCAU 

1286 CGGOOCA. CCXaADGAGGCCGAAAGGOCGAA AGCOGA0 

1309 G GAOX K C lK a AlXgA QQOOGAAftGQOCGAA, ACAGGG3 

1315 GGGCDAG CXEADGAG3COGAAAG3COGAA ACUGGGA 

1318 C DG OOG C CTX2ADGAGQO03AAAGQO0GAA AGGACDG 

1331 GO CP SA G OTGADGAOGCOSU^AGQOTAA AGS GO C P 

1334 AOU3CCD CDGAIXSaGGCCX3AAGQCO GA A AGGASG3 

.1389 GGOCOCa aX30X3U3GCCGAAAG3a3»A ACAGCOT 

1413 . aocmxza axsuxaaocoGAAAascocAA. acogcag 

1414 CADCADC eP GADGA GQOOGRAaQQOOGAA AACOGCA 
1437 GCCAAGC CPGROGRGGOOGAAAGGOOGAA AGGCCCC 
1441 P G 00 GOC CDGAIX3AG3CCX3UUU33CaSUl AGCAAG3 

1467 GOCDSOS aXSOTAGGCmAAAGGOOGAA ACACAGC 

1468 Q G 0COS0 CTGAXXSAGGCCGAAAGGCOSAA AACACAG 
1482 GOOGACG C OGftDGa Q O OOGMtfUBSOOaA ADGCCAG 
I486 AGOOGOC GOQtfJGSUSGCXSWAGGCXSAA ACGGADG 
1494 AAACOCG COSADGMGCaSAAAGQCX^ AGOOGOC 

1500 coq c oga cogatoaggoogaaagqoogaa Acoooca 

1501 GCOGCDQ CPGafflGaGGOOESUUtfSSOO S ^ AACOCGS 

1502 agcdgcq caa rara GCCGAAAGQjoGAA aaacoos 

, 1525 CCACAGG CDG aDGR QQOOGAAAG OOOGA A ADGCOOT 

1566 COCAGGG COSADGAGGOO&AAGGOOaA AOXX3UJ 

1577 OGAGOOA COBtfCaOSOOSUaSQ OaSA A A GOJUCA 

1579 GGCGAGO CPGADGAQGOOGaAAGGCCGAA AnAQOOT 

1583 AOJAGGC CDGAIX»GGCOSAAAaGOa»A AGOTADA 

1588 COGDCAC CGSADGAGGOOGAAAGGOCGAA AGGCGAG 

1622 GGAGCAG GOGADSAGGQOGAAAGGGOGAA AGCDGGG 

1628 OOCAGOG CCTGAD3AGGC0GAAAGGCCGAA AGCAGGA 

1648 CADOGGG OTGADGaOQOOGAAAGGOCGAA Aff>TTG 

1660 CDGAAAG CDGftOSAG GOOGA AA G SO OGA A AQGCCAP 

1663 CDOCDGA COGa U X 3A GGOQGAAA GC30aa A AGGAGGC 

1664 O COCC UG CDGADGAQ GO OGAAAQ GO C GA A AAGGAG5 

1665 AUOJOJU CtXSAIXSAGGOaGAAAGGOOGAA AAAGGAG 

1680 QGAGGAG GDGADSAGGOOGAAA0QOOGAA A GUCUUC 

1681 UGGAGGA CTOATOAGGOOGAAAGGOCGAA AAGOCDU 
1683 AADGGAG aX2UX&GGOa3AA&QG00G&A; AGAAGOC 
1686 CGCAABG CCT3AD5AGG03SAAAQGCOSAA AGGAGftA 
1690 O S P 0OSC CD3AD3AGG00G3kAAGGO0GAA ATOGAGG 

1704 GGCCXSAG OT3AD3AGGC0GAAAGQ00GAA AGOOCA0 

1705 G3G0CJ3A G0GAUGAGGCO3AAGGCCGAA AAGDOCA 
1707 CAGQGQ7 GX2AD5AGQOCGAAAGGCOC2& AGAAGUC 
1721 CGGADCa COGADGAGSOOGAAAGGOOGVA ACDCAGC 
1726 AGGAGCa OT3ADGAGGC0GAAAGGCCGAA ADGOGAC 
1731 COCQOAG CCX2AD3AGGCOGAAAGGOOGAA AGCOGAD 
1734 ACCCCCa CTCADGAGGCCGAAAGGCOGAA AGGAGCa 
1754 COCDGGG OT3AD3AGGO0GAAAGGOQGAA AGGGCAG 
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Table 23: Human TNF-a HH Bibozyme Target Sequence 



at. HH Target Sagaence 
Position 

2a gscagot xs ojojuo: 

29 GCAGGOU c O C P OO OJ 

31 AG500CO C UUCOXJU 

33 Goococa a ccuojca 

34 oocacoa C CUCOCAC 

37 O C O OCC P C UCACM3A 

39 oooaooo c acmjaoj 

44 COCACMJ A COGACOC 

SB CACQSCU C CACCCDC 

65 OCACCCTT C XJCOOCCC 

67 ACCCOCO C UCOJLlJG 

69 ac u caaj. c cccosga 

106 GCRDGA0 C CGBG&QS 

136 AGGCGOJ C CCCAAGX 

165 CAGGGCO C CAGQCG G 

177 OSSDGCP U G DDOCDC 

180 DGCUOGO U CCD CA GC 

181 GCDCGOU C COCAGOC 

. 184 ogoocco c a gccoco 

190 DCAGCCD C DOCDCCa 

192 AGCCDCO a CUOJUUC 

193 G O C 0ODD C 0CC00CC 

195 cocoaco c caaccoG 

198 UPC0OC0 0 CCCGADC 

199 0000000* C OOGBDOS 
205 OOCDGA0 C G00GCA6 
226 CCAOGOX C UU COG CC 

228 ACGCOCn U COGOCOG 

229 CGCOCDU C TOCCOGC 

243 CUOJACa 0 OGGAGTO 

244 UGCACOU U OGAOOGA 
253 GAGUGAU C GSOOOOC 
273 GAAGAGtf C CO CCAQS 
286 GGGACOX C UCLKJUAA 
288 GACCOCU C UCOAADC 
290 CCUCOCU C UAADCAG 
292 U OJ C UO) A ADCAGCC 
295 COCOAMJ C AGOOCDC 
302 CAGCOCtf C UGGOCCA 



at. EH Target Sequence 
Position 

321 GCOGAXJ C ADCDOCO 

324 AGADCMJ C OOCGCGA 

326 A0CADCU U CCOGAAC 

327 OOVDCOO C OCGAACC 
329 ADCOTOT C GAACOCC 
352 AGCC U GO A GCCCADG 
3^1 OOCBDSO U GOAGCAA 
364 MG00G0 A GCAAAOC 
374 AAAGOCO C AAGCOGA 
391 GGCAGCU C CAGOGGC 
421 AOGOOCO C COGSQCA 
449 GAGBGAIJ A ACCAGCU 
468 GOOCCAXJ C AG3GGGC 
480 GGOCOGO A OOOCMJC 
484 OGQAOCO C ADCDACa 

487 accdcaij c aaa o c c c 

489 CUCAUCU A COC GCA G 

492 ADOffiaj C OCAGGUC 

499 CCOGOT C C O CPOCA • 

502 ASS O CC O C OUCAAGG 

504 G0CC0OD U CAAGGGC 

505 OCCOCOO C AAGG GCC 
525 OGOOCCO C CACCCAU 
538 ADG0GO7 C aJCAOjC 
541 0G C P OC 0 C ACCCACA 
553 • ACACCA0 C AGOCG CA 
562 GCCGCA0 C GOOGOCO 
568 U330CGO C OCCOACC 
570 G 00S0 C0 C CUACCAG 
S73 G0OP0CP A CCAGACC 
586 CCAAGGU C AACCDCC 
592 UCAAOCO C C0C0OI3 
59S ACCOCCU C UOJ GC CA 
597 C0OC0C0 C CGCCADC 
604 CDGCCAU C AAGAGCC 
657 C0C0QGO A OGAGCCC 
667 AGCOCAD C UAJOCOGG 
669 OOCADOI A UCOGGGA 
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671 
682 
684 
68S 
709 
721 
725 
735 
737 
739 
744 
745 
753 
763 
765 
768 
769 
775 
778 
801 
808 
809 
820 
833 
837 
838 
839 
841 
842 
849 
852 
853 
863 
869 
871 
872 
878 
890 
898 
899 
904 
917 
918 
924 
925 
926 
945 
946 
959 



c 

GAGGGOT C 

GGGSoea a 

GGGOCOU C 
ACCGACO C 
C0GAGMJ C 

gadcaa0 c 
axsAca a 

CGACUA0 C 
ACUALKJU C 
CQGGACD XJ 
OCGAC00 0 
GOCG3UGU C 
GOCAOOT C 
CAGGDCD A 
GUC0AC0 0 

U0GGGAD c 

oswdcah a 

CGAACA0 C 
OCAACC0 U 
CAAGCOO C 
AAOQOC U C 
COOCAAD c 
AADCCCD 0 
ADCOCD0 0 

oaocooo a 

CCUUUA0 U 
GU0OAD0 A 
ACOOOOP C 
O O C O OCO 0 
CC O OCP O C 
ACACOC0 C 
0CAAOC0 C 
AAOCOC0 0 
A OCOCDP C 
OC O GQCP C 
AGAGAA0 0 
GGGQGC0 0 
G 5 GSC D0 A 
OOAGGGU C 
CGAAGC0 0 
CAAQCUU A 
UAGAAC0 0 
AGAACO0 0 
GAAOQ00 A 
CACCACU 0 
ACGACD0 C 
OQOG6A0 0 



GCUS3DG 



AGOGCUG 
AMOQG C 
GGGGOGA 



GACO0UG 
OOOQSAfi 



DGGSCAG 
0ACO0DG 
C00OSGS 



ADOQCCC 
qq raso 



CCAAAGG 

ccc a occ 

CC1AJUA0- 



ADUAOCC 



AOOCCC0 
OCODCDC 



CAGACAC 



AAOC0O0 
DDCDOGC 
GOSSG0C 
OGGC0CA 
AAAAAGA 



<-e-r-e-c-«r» 



AQOSOGG 
GSGOOSG 
GGAAOCC 
JU3AACOT 



UAAGCAA 



CGAAACC 
GAAACCXJ 
GAGG&A0 



960 

1001 

1007 

1008 

1021 

1029 

1040 

1046 

1047 

1051 

1060 

1067 

1085 

1086 

1090 

1091 



1124 



1135 
1151 

1158 
1159 
1162 
1164 
1166 
1174 
1175 
1176 
1183 
1184 
1187 
1208 
1224 
1228 
1230 
1232 
1233 
1234 
1238 
1239 
1245 
1251 
1252 
1254 
1255 
1256 
1258 



UGGSUJU C 
AAOCAC0 A 
UAAGAAU 0 
AAGAAD0 C 

CAGAACU C 
GGGGCC U A 
UACAGC0 0 
ACAGC00 0 
CSGOQ5U0 C 
COGACA0 C 
C3GSAA0 C 
GS A GOCO 0 
GAGCCUU 0 

C Doas g g 0 
ooogsoo c 

GAGGAC0 0 
AASACC0 C 
COCAOC0 A 
UAGAAA0 0 
0GSACC0 U 
GGAOCOa A 
0AG3OC0 0 
A OGO O DD C 

oooa o ca c 
oo caucu c 

OCDOOCD C 
CAGADG0 0 
AGAD5O0 0 
GADGDOD C 
OCAGAC0 0 
CAGAOOU C 
AC0OQC0 0 
CACCOC0 C 
GCGAGC0 C 
GC0ODO0 C 
0 COO OCO A 
OCDC0AZ7 0 
0 
A 

UUUAOG0 0 
UUAUUUU 0 
0OGCAC0 0 
CRKSOG3V0 0 
OG0GA00 A 
CGADOA0 0 
GADOA0U 0 
AUUAUUU A 
0A0UUAU 0 



ASAADUC 



A i^PQSGS 
CAGCOU0 
0GADCOC 



CGGOOCO 

gsoocos 

CCG30CA 
O3G0GW3 



GAAAD05 
GACACAA 
AGS3CD0 
G5GCD0C 

cc u cp co 

COCOCDC 
OCOOCAG 



CAGADG0 

occAcac 



CCOOGAG 
COOGAGA 
GAGACAC 
GGCADGG 
OO0C0A0 
UAUUUA0 
UUUAUUU 



AUAJUUU 
DGO00GC 
0GCACO0 



G3GADQA 
AUUUAUU 
GUUAUUA 



AUUAUUU 

UUAUUUA 

AUUUADU 
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1259 

1261 

1262 

1263 

1265 

1265 

1267 

1269 

1270 

1272 

1273 

1274 

1276 

1277 

1278 

1280 

1281 

1282 

1294 

1296 

1297 

1298 

1300 

1301 

1315 

1317 

1334 

1345 

1350 

1359 

1360 

1361 

1362 

1386 

1393 

1394 

1401 

1414 

1422 

1423 

1425 

1426 

1427 

1431 

1432 

1436 

1437 

1438 



IllHIIIMI 



.tfAlitiHAt. 



• It';" 



A 
U 
U 
A 
U 

ADTJOMKJ U 
uuuaUuu A 
U 

AUUUAUU A 
OuADOAIJ u 
CAUUAUU a 
AUUAU U U A 
UADOOA0 U 
AOTOADU 0 
A 
U 

AUUUAUU U 
A 

osaadot a 

AAD30MJ T7 

ADGaana a 

UGDADOU A 
UAUUUAD U 
AUUUAUU U 
O OGSSSa A 
GGGGUA0 C 
CCAADOT A 

gc ogo c o a 

CD0GSC P C 
GACAEJCT U 
ACADGOT U 
CADGUUU u 
AUGUUUU C 
GAACAAU A 
A GSCDGO U 
GSC OGOa C 
OOCADGCT A 

c a oooco c 

OGOBCCD U 

gosocoo c 

G0C00C0 U 
OC00CPO D 
COOCDOO O 
UUUUUA U U 
uuuuauu A 
AOUADGU tJ 
OUADGDO U 
UAUUUUO (7 



uuuauuu 
UAuuuaU 
AuuuaJjU 
uuuaDQA 
UADOADU 
AI 



AUUUAUU 
UUUAUUU 
TJAUUUAU 
AUUUAUU 
UUUAbbU 



AUUUACA 
GOUACAG 



UUUADOTJ 
(SU3QTJGS 
AOuT 



DCC GA GA 
GSGAGAC 
UC COGSG 
C0G3GGG 
GSAOCDG 
GGCOCAG 



OOCOGOG 
0ODS0G& 
COGOGAA 
OGOGAAA 
GG CUQJU 



gccoocu 

COOOOGA 
UUUUUAU 



UsAUUAlT 

GADDADC 
A3 



• ir.tit'ittif 



UU0T2&AA 
UOOAAAA 
UOAAAAU 



1440 
1441 
1446 
1448 
1449 
1451 
1456 
1457 
1461 
1464 
1466 
1479 
1480 
1494 
1498 
1501 
1512 
1517 
1528 
1533 
1537 
1540 
1546 
1549 
1551 
1552 
1566 
1572 
1576 
1577 







Ml HNMHI 







UOAAAAU 
AAAAUAU 
AAAERUU 
A 



lf;U;|M| 



AAGUDGU 



GAGGCOJ 
COCOGCU 



C UGUA AP 
00G3CC0 
GOCQACU 
CUACUAU 
DACUAUU 
GAGAAAU 
UAAAGGU 



f.rrr 



U AAAAUAU 
A AAAUADCT 
A OuACCQS 
0 ADCUGA0 
A UCCGAJOU 
C UGAUUAA 

a aagoogu 

A A GOOGDC 
U GUCUAAA 
C CAAACAA 
A AACAADG 
vJ UUUUUAC 

17 gsoga cc 

C ACUCAUU 
C MDSCDG 
U GCD UA QS 
C PBS0C0C 
C OCC A GSS 

a ccgocos 
c 

A AD CGGOC 
C GSC C DA C 
A CXJaDDCA 
A 

a 

C AGUG3CS 

a Aa ssaos 

U GCOUAGG 
U AG3AAAG 
A G3AAAGA 



GUUUXW C UOTAADC 
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Table 24: Human TNF-a Hammerhead Ribozyme Sequences 



. nt. HE Ribozyme Sequence 
Position 

■ 

28 GGAAGAG CCKATX^GGCCGAAAGSOCGAA A CCOGCC 

29 AGGAAG&. CIXJA03AGGOOGAAAG300GAA AACCOGC 
31 AGAGGAA aretfXSAQGOOGAAAG SO O GA A AGAACOJ 

33 GGAGAGG C03ADGAGG0CGAAAGG0CGAA AGAGAAC 

34 GOGAGAG aJGAUSA GGCCGAAAG3CC GA ^ AAGAGAA 

37 aa psoG* . cocsfflGaGSOo sa &Aflgoosui aggaaga. 

39 * a tanps o cuua u i xA ggccgaaaggco ga a agaggaa 

44 GGOTCAG COGADGAGGOaaAAGGOCGAA APGOGA G 

58 GAGGG OS CPSttaSAG Q OOGA AAQ COCGA A AQOOGOG 

63 GGGGAGA aX30X3AGGC0C»AAaGOOGAA. AGGGOQS 

67 CAGGGGA QXSAPGAG GC CGAAAGGOOGAA AGAGGGQ 

69 UQCAGGG CCXSAIXSaGGCOGAAAGGCOGAA AGAGAGS 

106 OG 00 00 5 CB2ADGAGGG0GAAAGG0GGA& ADCADGC 

136 DCPOGSG CCXS A DG fl SQOOG&AAGGOCGAA. AGOGOG D 

165 O O GOC OG COGAIXSA QGCCGA AAflGCO GA A, A G O OCDG 

177 GAGGAAC CP 5A DGA QQ00GAAAGG00 GA A, AGCACCG 

180 GCOG3USG CO GADGA QGOOGAAAGQOQSAA. ACAAGCA 

181 GGCO GA G C DGADGA QGOCGAAAGGCCGAA AACAAGC 
184 AGAGG37 OX^iUUMZXXJSM^^ AGCMCA 
190 AG3AGAA CPG A D GA GGQOGAAAQGOOGAA AGGCOGA 
192 GAAGGAG CDGAD3AGGOO GA AAGGOO GA A. AGAGGCQ 
153 GGAAGGA CP GADGA QGOCGAAAGQCQSAA AAGAGGC 
195 CAGGAAG GDGAQ3AGGQ0GAAAGG00GAA AGAAGAG 

198 GA0CAGG CDGADGAGGOCGAAAGQCOGAA AGGAGAA 

199 OGADCAG CPGADGAGGOOCAA A GGOOGAA AAGGAGA 
205 C O GO CA C G0GADGAGGGOGAAAGGOGGAA. ADCAGGA 
226 GGGAGAA CD3AXX3U3GC0GAAAGS00GAA. AQ OQPGG 

228 CAGGCAG CKjADSAGGOOGAAAGGOOGAA AGAGOGO 

229 GGAGGCA CPSADGAGGOOGAAAGGUO iA A, AAGAGOG 

243 CACTOCA. COGA83AGG30GAAAGGGOGAA. AGGGCAG 

244 UCAOJ OC COGABGAGGCCGAAAGSCCGAA AAGDGCA 
253 GQSQ GO C CGGASGAGGQOGAAAGGOOGAA. ADCACOC 
273 ODPGGGS CPSADGAQGOOGAAAGQOOGAA AC0C00C 
286 UGAGAGA. G0GADGAG3O0GAAAGGCOGAA AGGOCCC 
288 GAOTAGA OTSADGAG300GAAAGG00GAA AGAGGOC 
290 COGADUA COGAZKSU33C90GAAAGGCOGAA AGAGAGG 
292 GGCOGAP C0GAXJGAGGG0GAAAGGO0GAA AGAGAGA 
295 GAGGGOT CUGADGAGGCCGAAAGGCOGAA ADQAGAG 
302 UG3GCCA OT3ADGAGGCCGAAAGGCGGAA AGGGCOG 
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321 

324 

326 

327 

329 

352 

361 

364 

374 

391 

421 

449 

468 

480 

484 

487 

489 

492 

499 

502 

504 

505 

525 

538 

541 

553 

562 

563 

570 

573 

586 

592 

595 

597 

604 

657 

667 

669 

671 

682 

684 

685 

709 

721 

725 

735 

737 

739 

744 



AGAAGAIJ CDGABGAGGCOGAAAGGCOGAA ADCOGAC 
COGAGAA aJCSttJGAGGCCGAAAGGCCGAA ADGADCU 

goocga o axsMxsaGaoasAaASscosA agadgah 

GGOTOGA OXSADGAGG CC GAAAGGCCGAA AAGADGA 
GG3G00C OTGADGAGGCOSAAAGGaCGAA AGAAGAU 
CABGGGC OJ3AIX3UGGa33UUWGGCC^ ACA0GCB 
OUGCUAC COGRDGAGSOCGAAAGGCOGAA ACADGGS 
GGOOOGC CD(atfX3tf3GOCaUUI G30 a S Ul ACAACAD 
DCAGOXJ COG AD GAGGCOGAAAGGCC Ga A A S35000 
GCCACDG OX»IX3AG3COSAAAG3Ca^ AGCUGCC 

cggccag ca GaPGa GSOOsaaASsooc a A agggcau 
Gcocooa 



GGCGAAAGGCOGAA. ACAGGCC 
AGOAGAU COGATCAGGCOSAAAGGCaaA AGG0ACA 



GGGAGOA aXSATOAGGCO^JVGGCCGAA A] 

c o cs ca g C0Ga i xa>GSDCsaAftG3oa s aA agaogag 
Ga ocDGS axsaixaGGcxxauuuSGocsui agoagaii 

TOAOG OX»DGAGGa33AAAGG0CGAA ACGOGGG 
CCOOGAA. CCXSADGAGGOOGAAAGSOOGAA AGGAOOT 
GOU L UUG CUGAIX»GGaa3AAAG3CrXSAA AGAGGAC 
GGCCCOO Ca3ADGAGGCC GA AAGGCa^ AAGAGGA 
AD3G30G CO3U3GAQa a3 5 A AAGGC0G&A, AGGGG CA 
GGGOGAG CC X5&r KttQGQ0GRAAGGQCGAA AGCACA0 
UGPQQG P C OGADGA GGCOSAAAGGCCGAA aggagca, 
TOOGGCa C0GMX3AGGO0GAAAGGCCSAA ADQ G0 GP 
AGACGGC CnGa PGa GSOCGAAAQQOOGRA ATCCGGC 
GGOAGGl CPS aUGA GGOCSAAAGGOCGAA AOQGO GA 
CCGGOAG CUGADGAGGOOGAAAGGOCSAA AGAOQGC 
UjUUUU; CPGAIX5aQGO0GAAAGGC0GAA aggagac 
GGAGGOQ CO5AXJGAGGa2GAAAGG0CGAA AGC0UGG 
CAGAGAG OX5tfX»GGCEGAAAGGCCGAA AGGOOGA* 
OSGCAGA GOGAXXjAGGOCGAAAGGOCGAA AGGAGGU 
GADGGCA COGADC3U3GCCGAAAGGOCGAA. AGAGGAG 
GGCOCPa CDGA03AGGCCGAAAOXOGAA ADQGCAG 
GGGCOCA COSAIXSAGGO0 GA AAG3C0GAA AOCAGGG 
CCAGAHA COGATOAGGCOSAAAGGCOGAA ADGGGCU 
UOOCAGA COTAraAGGCOSAAAGGOCGAA AGADGGG 
CCDCOCA CDGABGAGGOOGAAfcGOOGAA. ADAGADG 
GCOQGAA aJGATOAQGCCGAAAGGCCGAA. ACCCCOC 



CCAGCDG CDGATOAGGO0GAAAGGO0GEAA AAGftCCC 
CAGCGCU CO GADSft GGOOGAAftSSOOGAA AG D CSG O 
GOOGAD0 COGA03AGGCOGAAAGGOOGAA. ADCDCAG 
POGGGOC CEXa&DGAGQOO G AAAGGdCGAA AD0GADC 
GDCGAGA COS AO GAGGOOGAAAGGOOGAA. AGOCGGG 
AAGOCGA CUSADGAGGCOGAAAGGGOGAA AUAGOCG 
GAAAGUC COGADGAGGCCGAAAGGCCGAA AGADAGCT 
COOGGCA C P SAD GA QQCOGAAAflGOOGAA, AGOCGAG 
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745 aC P O S GC CUGAUGA GGCQGAAAQGGOGAA AAGGOGA 

753 CUGCCCA OJGaiXSAGGOaSAAAGGCaGAA, ACOOGGC 

763 CAAAGOA OTGAD3AGGCCGAAAGGCCGAA ACCOGCC 

. 765 COCAAAG COGMXaGGCCGAAAGCXTGAA AGACCDG 

768 GADOOCA CDGADGAGGCCGAAAGGCCGAA AGOAGAC 

76S DGADOCC aXSADGAGGOOGAAAGaCOGAA AAGOAGA 

775 GGGCAA0 CDG&D GA GGa3SSUJUg3CaS5A ADCCCAA. 

778 XCAGGGC C0GAD3AGGG0GAAAGG30GAA. ASGAUCC 

801 AAGGOOG CaGMX3JU3GCCGAAAG3CCS a A ADGOUCG 

808 GOOTGSG COGA03AGGOOSAAAGGC2SAA. AGG30GS 

809 CGDOOSS C0GADQAGGCGGAAAGGCC3AA AAGGOCG 
820 GGCAGGG CDGAD3AGGOQGAAAGGCC3AA AGGGGOO 
833 ADAAAGG CaSUXSU33CCGAAAG3CCC^ 

837 GGOAAEA aXgTOA GGCCGAAAGGCXCAA AGGGADO 

838 GGGUAAD C0GADGAGGO0GAAAGGCOGAA AAGSGA0 

839 GG G G QA A COGAD3AGGCCGAAAGGCCSAA AAAGGSA 
' 841 AGGGGGQ CCJ3AXJ3AQGCOGAAAGGCCGAA AOAAAGG 

842 GAGGGG G CDGAIX3AQGCOSAAAGGGOGAA AADAAAG 

849 OCDGAAG C0GADGAG3CXtSJJU3aCCGAA AGGGGGO 

852 G UUULOG ajGArcAGQOTGAAAGGOOGAA AGGAGGG 

853 G5DGDCD aX3AXX3AGGa33AAAGGCOGAA AAGGAGG 
863 AGAGGOT C0GAIX2AGGaOGAAAGGCOEAA. AGGGOGO 
869 GOCAGAA aXStfJGAGGCCGAAAGGCCGAA AGGOOGA 

871 GAGCCAG CO3AIX3VGGO0GAAAGGCOGAA AGAGGOT 

872 OGAGCCA ODGMEMGOCGAAAGGCCSAA AAGAGOT 
878 DCDOOOO COGMXSa GSOQGMUtf SS OOG S kA AGOCAGl 
890 AGCOOCC ClXaAlXaAGQCGGAAAGGOGGAA AUUCUCU 

898 CGAOCCO OXSAIXSAGGOOGaAAGGOCG^ A GCOO C C • 

899 COGACCC CTBADGA GGOCGAAAGGCOGAA AAGOOOC 
904 GSS0OC C CTGMX5A GGCCSAAAGGCCGAA ACOODAA 

917 AAGUUCU CO GAPGR GOOOGAAAQGCOGAA AG COO G G 

918 AAAGDOC CO3ADGAQ3O0GAAAGGCCGAA AA G C PQG 

924 UUUJUUA C0G3U0GAGGOOGAAAGQOGGAX AGCOCOA 

925 GUUUOJU CDGADGA GG OOGAAAQGCCGAA AAGUOCO 

926 OGO0GC0 COGATOAGGCCGAAAGGCCGAA AAAGODC 

945 QGOOOOB CtX3AD3AGGOOGAAAGGCOGAA A GO3G0G 

946 A GSOOOC COGADGAGGCCCSlAAGGaCGAA AAG OGGO 

959 ADOCCDG COGA03RGGOOGAAAGGOOGAA ADCCCAG 

960 CK0OCCO COGADSAGGOOGAAAGGGGGAA A AD OOC A 
1001 GAADOCU COGATOAGGCCGAAAGGCCGAA AGOGGOU 

1007 CAGOUOG COTADGAGGCCGAAAGGCCGAA ADOCDOA 

1008 OCAGOOT COGADSAGGCOGAAAGGCCGAA AAOTCOU 
1021 AG0CCCK3 COGADGAGGCOGAAAGGCCGAA AGGCCCC 
1029 CCCCAGO OT3ADGAQGOQGAAAGGGCGAA AGOOCDG 
1040 AAAGCOG COGAD3AGGQOGAAAGGCOGAA AGGCCCC 

1046 GGGADCA CXXsADGAGGOCGAAAGGCOGAA AGCOGUA 

1047 AGGGADC C3K2AIX3AGGOOGAAAGGCOSAA AA GC PG U 
1051 OGDCAGG C0GMX2AGGOOGAAAGGCCGAA ADCAAAG 
1060 GAEOCCA CT3AIX3AGGCCGAAAGGCCGAA ADGOCAG 
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1067 G UOX X A COGAP3AGGCCGAAAGGCCGAA ADOCCAG 

1085 AGAACCA OXSAIXrAGGCCGAAAGGCCGAA AGSOX X 

1086 CAGAAGC COGADGASGCCGAAAGGOCGAA AAflGCOC 

1090 ugsocag cooaasusGccxsuuysscxxaA AGCAAAG 

1091 COGQOCA CTOaDGAGGaXAAAGGOOSAA AACCAAA 

1113 ocuucuc coGAixaGGaocAAAGKxssaA agoccdg 

1124 roOAGOT OT3A03&GGOCGAAAG3CCGAA A C30C00 

1129 CAADOOC aWAUUAGGCCGAAAGQOCXAA AGGOGAG 

1135 OOGOSPC COGMEaGGOCGAAAGGCCGAA AUUUOJA 

aaggccu ccGansaGoaocsuiAGSQasui aggoo ca 

1152 GAAGGOC COCSJXSAQGCaSHA^^ AAGGUCC 

1158 AGAGAG3 OX^UAGGCCGAAAGGCCGAA AGGCCDA 

1159 GAGAGAG COGAJDGAGGCCGAAAGGCCGAA AAGGCCD 
U62 C0GGAGA OXSaXSUSGCCGAAAGSCOSVA AGGAAG5 ' 
1164 ADCDGGA CXX3ADGAGGCCGAAAGGCOGAA AGAGGAA 
1166 ACADCOG aJGAJUGAGGCCGAAAG3CCGAA AGAGAGG 

1174 G P O O S S t CDGAIXaGGCCGAAAGGCCGAA ACADCOG 

1175 AGTC0GG OJUAUUA GGOCmAAGGCCGAA AACADCO 

1176 AAGOCOG CDGAIX3U3CSCa*AAAGSOCX3AA AAACADC 

1183 CDCAAGG OX»DGAGGCa3AAAGSCCGAA AGOCOGS 

1184 DCDCAAG CDGADCUSGCCGAAAG GCCGA A AAGOCDG 
1187 GOGOCOC aXSATCAGGCCGAAAGScaSAA AGGAAGO 
1208 CCADGGG CP GaiXStfg OOGAAftG SO O SA A AQG GCOG 
1224 ADATSGG CDGADGAGGCCGAAAGQCCGAA AGCOGGC 
1228 ADAAADA COL^VLUAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACADAAA CUGADGAGGC0GAAAG300GAA AGAGGGA 

1232 AAACADA COTADGAGGCOGAAAG3CCGAA ADAGAGG 

1233 CAAACA0 CTOAB3AGGOOGAAAGGCGGAA AADAGAG 

1234 GCAAACA OJUAUUAOXCGAAAGGCO^AA AAADAGA 

1238 AAGOGCA Ca^DGAGGCCGAAAGGCCGAA ACADAAA 

1239 CAAGOGC COStfXSUCgCXGAAAGSCC GA A AACADAA 
1245 DAADCAC CDSAHa&GGCCGAAAGGGCGAA AGOGCAA 

1251 AADAAAU' GDGADSAGGOOGAAAGGOGSAA ADCACAA 

1252 UAADAAA COGADGAGGCCGAAAGGCCGAA AADCACA 

1254 AAEAADA OJGAUGAGGCCGAAAGGCCGAA AUAADCA 

1255 AAADAAD CTOAIX2AGGO0GAAAGQ0OGAA AADAADC 

1256 UAAADAA CDGADGAGCSOOGAAAGGOOGAA AAADAAD 

1258 AADAAAU COGADGAGCSOOGAAAGGOOSkA. ADAAADA 

1259 AAADAAA OT3AOTAGSC0GAAAGQ0CGAA AADAAAD 

1261 ADAAADA CBGMX2AGGCOGAAAGQQOGAA ADAADAA 

1262 AADAAAU CDGAIX3AGOTGAAAGGCOGAA AADAAUA 

1263 UAADAAA COGATOAGGOOGAAAGGOOGAA AAADAAD 

1265 AADAADA CT^ADGAG GC C GA AA GG CC GA A ADAAADA 

1266 AAADAAU COGADGAGGOOGAAAGGCOGAA AADAAAU 

1267 DAAADAA CTGADGAGGCOGAAAGGCCGAA AAADAAA 

1269 AADAAAU COGADGAGSC0GAAAG30CGAA ADAAADA 

1270 AAADAAA CDGADGAGGCCGAAAG5C0GAA AADAAAD 

1272 ADAAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 

1273 AADAAAU CCR3ADGAGGCCGAAAG3CCGAA AADAADA 
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1274 AAAHAAA CDGAD3AGCKXISVAAGGC0GAA AAftHAAU 

1276 GUAAAOA CXKSVTOAGGCCGAAAGGCCGAA AflAAADA 

1277 UGUAAAU OT3AD3AG30CGAAAG5COGAA AADAAAU 

1278 CDGQAAA CDGAjDGAGGCCGAAAGGCCGAA AAMJAAA 

1280 ADCUGUA COGAXXaAGGOGGAAAGSGOGAA AQAAABA 

1281 CA DCPG P aJGWX3AGGCOa»AAGGaS=AA AAHAAAU 

1282 aeanc P G otsndgaggccgaaaggccgaa aaauaaa 

1294 AAADAAA CTOADGAGGO0GAAAG30CGAA ACADOCV 

1296 CCAAAOA AHACAIK7 

1297 CCCAAAD aXSAUGA GgCaSAAAGSCCOAA AADACAD 

1298 PCCCA AA eSGAPGA G GOO SA AAGGOOGAA AAAHACA 

1300 0O 0 C0 C & C03ADG»GGCCGAAAGGCa3»A AnAAADA 

1301 G o C U CCC COGATCAGGCaSUUUSSCCGAA AADAAAU 

1315 cccagga CDcaaxaa GsoofflaaGgoosvA agoccgg 

1317 cccccag cosAxxsaGGaxaAAGGcasaA Aoaoooc 

1334 c mcooc eosatfxsaweaooGMuusaooG s ui acadqgs 

1345 COG5U3CC COGSfflGaGOOOBMA GSOB^ AGGGAGC 

1350 CADGOC0 OXSAPGAGSCOSaAAGSCO SA A AGOCAAG 

1359 cacggaa coaaxsussaaGAAAGaasAA acwogoc 

1360 TCACQGA OTGMJ3AGGCGGAAAGGC0GAA AACADGU 

1361 UOCACGG OXSaiXMGCCGAAAGGCaSAA AAACA0G 

1362 UDUCACG COGAPSA GSOOGAAAGGOCGAA AAAACAU 
1386 AACAGCC COGADBUSSTOSJUUSGCa^ AUUUJUC 

1393 ACADGGG C PgtfXa tfagOG&AaGSOOEk*, ACSGOCU 

1394 ' UACADGG COTADGAGGOSGAAAGGCaCAA AACAGCC 
1401 A GGGGGC OJUALJUAG5CCGAAAG3COGAA ACADGGG 
1414 AG3CACA CBSAO5AGG0CGAAAGSCCGAA AG30CRG 

1422 OCAAAAG CDGmSA GG CCG a AAGGCOG?A AGGOVCA 

1423 ADCAAAA CO3AIX3AGGO0GAAAO300GAA AAGGCAC 

1425 UAADCAA aJGADGAGGCOGAAAGGCCGAA AGAAGGC 

1426 ADAADCA OT3ATOAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC OT3ADGAGGCCGAAAG3C0GAA AAAGVAG 

1431 AAAACAXJ aJGADGAGGOOGAAAGGCOGAA ADCAAAA 

1432 AAAAACA CCGADSAGGQGGAAAG5G0GAA AADCAAA 

1436 TOUAAAA COGADGAQGCGBtAAGSOO GA A ACM3AA0 

1437 UUOTAAA C0GAIX2AGGCCGAAAGGCOGAA AACADAA 

1438 AUUUUAA CCXaADGAGGOOGAAAGGOOGAA AAACADA 

1439 UAJUUUUA C0GADGA QGOOGAAAGGO0GAA AAAACAD 

1440 ADADOUCT COGAXXaAGGCGGAAAGSOOGAA AAAAACA 

1441 AABABOa OXSADGAGGOOGAAAGGOOGAA AAAAAAC 
1446 CAGAX2AA GCX3AXX2AGGGQGAAAGGOOGA& ADOOOAA 

1448 ADCAGACT aXSADGAGGOCGAAAGSOOGAA AOMJDOU 

1449 AAXJGAGA C DGADGA GGOOGAAAGGOOGAA AADADOT 
1451 OUAADCA GDSAXJSAGGGOGAAAGGCGGAA ADAADMJ 

1456 ACAACOU CDGAIXS^GCCGAAAGGCOGAA A0CAGAU 

1457 GACAACO CUGADuAGGGCGAAAGGOOGAA AADCAGA 
1461 UDOAGAC aXSKXSAGGOXSAAAGGCCXaA ACDQAAU 
1464 UUOTUUA CDGADGAGGCCGAAAGGOOGAA ACAACOO 
1466 CADOGOU CDGADGAGGCCGAAAG3C0GAA AGACAAC 
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GDCACOL C U C iALJGA GGCCGAAAGGCCGAA ADCAGCA 
G30CAOC CTSMJ3aGG03SAAACCXrxaX AA0CAGC 
AADGAGO COGATOAGGOXAAAGGaa^ ACSGOOG 
CAGCAAU CDGWX5AGGOOGAAAG30CGAA AGOGACA 



GGGAGCA CKXaMJaAGGCCGAAAGQOOGAA AGGCCOC 
CCCUGGG COTWX»GGCXXjAAAGGCCGAA AGCftGAG 

cagacac C DSMxa ocaoosMyysgoo sR X acoooco 

GADDACA CUUAUUA GGCCG&AAGGOOGAA ACACAAC 
G3Q0SAD C0SAD5&GG00GAAAQQ00GAA. ACAGACA 
GURGGCC O 0GMX S atfS »0 Ga&IU3S00GS Ml ADUACAG 
UGAADAG OJCJJX^A G^I^ GA AAGGCC GA A AGGGCGA 
CAGOGAA. OX3MX3ACGCCGAAAOCXCX^ AGQRGGC 

gccacdg aJUAaa oGsxauuysGoo GR A adagdag 

CGOCACT COGADGW3GCOGAAAQGOCGAA AAEAGOA 
CAACCOa CDGAIX2AGGCGGAAAG30CGAA &DOOC0C 
CCUAAGC CUUAUUfliiGO aSAAAQGOO GA A ACCOUOA 
C OOO OOa COGAIJSAGQOCG&AAGOTaSAA AGCAACC 
UQJUUCC CT3ADGAGSCO2AAAGGC03AA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



nt. HH Target Sequence 
Position 

£6 OgGAAAU a GcuoCcA 

101 GGCAGGC O CBgUcCC 

101 GGCAGgO u CuGOccC 

102 GCAGGOU C UgOeOCCT 
102 gCAGgTO c ugOOCOJ 
106 GO0C0&U C ttJWOCA 
HO QgOcOCtX a OCADicA 

gOCcCOT u rnmCftC 

Vf ' guOQOuP u CACuCAc 

112 UcCCDuU C ACttcftCO 

U6 OuDCACO C A/COGgcc 

137 . GCCaCTJ C uCCcPC c 

139 caCAuCU C CCDCcAg 

177 GCATOAD C CGcG AC G 

207 AGGCaCU C CCCcAaA 

228 GGGSOuD C CAGAAOJ 

228 GGGGCuU c CAGaactf 

236 CAGaaCU C CAGG0G3 

236 CAGaACU c cAGgcGg 

249 GGugCCU a tPgOCOcA 

249 GGuGOOJ a TOucOCa 

♦ 

261 UCAGOOJ C UOCDCaU 

261 UCAgcaJ C UQCOcan 

263 AGCCTOCJ 17 CDCaPOC 

263 AgUCUCU 0 CDcauDC 

264 GCCDCDU C UCaDOOC 
264 gOCDCOU C PcauPCc 
266 COCOgCO C aOOCCOG 

269 DOCOCatf V CGJSdOa 

270 DCDCaOT C GOGdOUG 
276 UCCOGcO u GOQOCftS 
297 CCACGCO C OUCDGuC 

299 ACGCUC0 17 COGuCTa 

300 OSO PC D q C OGuCDaC 
304 CDuCOgU c uAcOGaa 
306 OcOGGcD a cOgAAcD 
314' COGaAOT 0 cGGgGDG 
315 UGaACOT c GGgOTSA 
315 uGaaCUU C GGGguGa 
324 gGGUGaO c GgUOCcC 



nt • HH Target Sequence 
Position 

324 GgGOGAU C GGuCCCC 

347 GAGAagU u cCCAaaO 

364 OCPCcCT C UcADCAG 

366 UCcCOCO c ADCAGuu. 

366 UcOCDCU C auCAGu0 

369 COCOcMJ C AGuuCOa 

376 CAGuuOJ a OGGOOCA 

390 Aq AC CCU C AcaCOcA 

396 nmrArtT C AGADCAU 

401 cOCfiGAD C APCOOCB 

404 AfSUXau C OOCDCaA 

406 ADCADCU U COCaAAa 

406 ABcADdO U cOcaAAA 

407 UCAUCUU C TTCaAAau 
409 ADCOCSCU C aAAauuC 
409 AuCuuCU c AaAADOC 
409 aOcOOca c AAAauDc 
432 AGOCDGU A GCOCAcG 

444 AcGOaGU A GCAAACC 

501 A c GOXU C COGGOCA 

560 gGgUUGU a OCTAiguC 

560 GGguDGQ A OCQtigOC 

564 UGQAOCQ u gOCQACU 

567 AOCOugU C UACOCQC 

569 CDUgUCU X C0COCAG 

572 gTOdACCT C CCAGOTu 

572 , GUOUaCO c CCAGguu 

572 GuCQacU C CCAgGOu 

579 COCAGGQ u CDC0 U C A 

580 CCAGguU c uCOUcAa 
580 CCaGSuD c UCuDcaa 
582 AGG0UO7 C UOCaagg 
582 AGGOuCa C UOCAAGG 

584 GOuCOCO 0 CAAGGGa 

585 UuCOCOT C AAGGCaC 
608 CcOGaCa a CgugCOC 
615 aCgOGcU C COCAcCC 
615 AcOTGCU C C0QU0OC 
618 0DC00O7 C ACOCACA 
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630 

530 

638 

643 

645 

647 

663 

669 

669 

672 

674 

681 

681 

681 

734 

734 

744 

746 

759 

759 

761 

762 

786 

798 

802 

812 

816 



830 
840 
842 
842 
842 



846 
852 
8S5 
887 
891 
905 
905 
905 
914 
915 
919 
928 
928 
932 



ACACCgU 
agcCQAU 



C AGOCSau 
C AgCCgaU 
u uGCDaJDc 
a uCOcAuA 
C TOaUACC 
C aHACC^G 
C AACCOCC 

c c oco c c g 

c cOcOCCG 

c ocrooo g 

C OGCOgOC 
C AagaGcC 
C AAGAGCC 
C aaGAgcC 
A D3AGOCC 
& ugaGCCc 
a OAcCOGG 
A CC OQ Q GA 
C uuOCWSe 
C UUCCAGC 
U GGAGC0G 
C QGC DG3 
C AGCGCDG 
C AACTCuGC ' 
C uGOOCaA 
A cuPaGRC 
AgQAcuU a GACOODG 
U TOCgGAG 
U GCgGAGQ 
C oQOTCAG 

c tocotug 

A COOOGGa 



UuGCuaU 
GCuaDCO 
agAAaG0 
UCAAOCU 
UcAAccU 

Accooca 

OJCCOCP 

CDGCCgU 
COGcCgU 
O OC0GG D 
CcdOGGU 
AGCCCM7 
QCCMaP 



GaGOCTO 
ACCaACU 
COGAGgU 
GgTCAAB 



0 OGGagOC 
UCUACC0 U GGagOCA 
C ADDOCuC 
0 GCUCOGO 
c uc Q ftOC C 



AuucuCU 



CcCCRCO 



ACCCCuU 
CDUQAcU 
GACCcOT 

gacooco 

GUUUUA0 



C OgaOOCC 
C OgAOOCC 
c u GAccO C 
17 uadUCOG 
u acDCuCSi. 

c ugaCCcC 
u UaCugUC 
U UADUguC 
tJ guOaaOCJ 



940 
943 
972 
972 
973 
984 
'984 
985 
997 
1010 
1017 
1018 
1019 
1073 
1096 
1106 
1107 
1108 

1133 
1164 
1180 
1203 
1210 
1211 
1214 
1218 
1218 
1213 
1218 

1219 



1226 
1227 
1227 
1228 
1238 
1262 
1283 
1283 



1287 
1287 
1288 
1289 
1293 
1293 
1294 



GuCUftCCJ C 
UACOccU C 
OCqnaCU u 
uc0aaC0 u 
COaACuU A 
AGgGgAtJ 0 
AGGGgaU 0 



AgAAAGg 



GAAAggG 



OcJUGAgO c 
CuguGCCJ c 
cAGAgCU U 
AGAgCDa a 
GAgtXiUU c 
UgGGCOJ c 
AAGgAcU C 
U 
u 



aOGgCDc 
uGGcOCa 
CAAcucu 
AGAgCDD 
UcAaCAA 
cAaCAAC 
AaCAACu 
ucADgCA 
AAAugGG 
uccGAAU 



CcGAAu0 C 
CCaAugU C 
gagOSgU c 
0c0g0e0 c 
aaGAtaQJ c 
CA GS 0C0 U 
AGGCCDU C 
C L UU U OJ a 
CcuACcB u 
<XiiffOC0 U 
cCuACc P u 
CCDacCQ u 
CuaOOTO c 
CuAcCTO c 
CagAOCP 0 
CAGAcc0 0 
agAGCC0 u 
0 
C 

gACCCuU c 
CAGOCuU C 
OOCCccO C 
oCcCCCQ C 
CGOCOC0 A 
CcuCOAU u 

ccucuAtr a 
0 

A 

Ta0 0 
uTOaDaD u 
0UA0a00 0 



A£XX3GaG 
CAuuCc0 
AgGODGc 
agaADSA 
AGGCCUtf 
OCTacCP 



CaGAOCa 



AGACCUU 



uaJDOOAU 

0AUUUA0 

uuuAUaU 
OauAuDU 
OADaDDU 
ADaDUUG 
UaUOUGC 



UGcAcOu 
GCACOUa 
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1300 

1303 

1304 

1306 

1307 

1307 

1308 

1310 

1310 

1310 

1311 

1311 

1311 

1313 

1313 

1313 

1314 

1314 

1315 

1317 

1318 

1319 

1326 

1328 

1329 

1330 

1332 

1333 

1337 

1338 

1346 

1348 

1349 

1350 

1352 

1352 

1353 

1369 

1398 

1398 

1412 

1413 

1414 

1415 

1415 

1438 

1451 

1453 



0OGCAC0 
CAcuDaU 
acOuAOT 
GUADBAU 
uAUUAUU 
UaDDaUU 
ADGKD0D 
UauDuAU 

UAUUUA0 



Auuuauu 
AUUUADO* 
AUU0AD0 
UUAUUA0 



U0ADOA0 



IMI I' ll I 



l!lil;Ml 



Auuauuu 
0&00OA0 
ALJUUAUU 
UUUAIAAJ 

adqadtxj 

a&DOORU 
AuOuftOT 
UOQA8D0 
0AD0&AI? 
AUUUAJJU 
auDOGCa 
uDOGCOa 



AAOGQA0 
ADGUOTJ 
QGGADO0 
uADuXEVD 
UADOQMJ 
AOOUBOT 



GCOQuCE 
GACADGU 
ACADG00 



A0GOOO0 
ADGOOU0 
gaGCOGa 
C0GGOCO 
ggCODCa 



0 aHuAIKJu 
u AuDuADa 
A UUUAUUA 
0 OAl 
0 Al 
0 AuuADu0 
A UUAULRJA 
U AI 
U Al 

a as 

A UUUAUUJ 
A UUUAUUU 
A UuDauOT 
0 DADDQMJ 
0 OAUUUAJJ 
u UauDCCUi 
0 ADOOAD0 
0 AjJOUAuu 

A UUUAUUA 
0 UAUUAUU 

0 AZJUA1JUU 
A 0Bauuu& 
A UUUAUUU 
0 UADTKJgC 
0 AOTOgCu 
A UOOgCuu 
0 UgCuuAD* 
0 gCuuAOG 
0 AuGAAuG 
A uGAAuGu 
A 00QAD00 
0 QA0OOGG 
V ADDOGGa 
A tiOOGGaA 
u OGGaAGG 
0 PBGa&Bg 
0 QSaAGgC 
C COGGaQO 
0 cAGACAg 
0 cagaCAG 
00OCUGDG 
0 OCuGDGA 
0 CuGDGAA 
C UGOGAAA 
c OgugAaA 
c OOCAccO* 
C UcOaCCU 
C UaGCuDG 



1462 
1470 
1472 
1473 
1474 
1478 
1479 
1479 
1484 
1498 
1511 
1514 
1516 
1529 
1529 
1530 
1530 



1568 
1589 
1592 
1617 
1623 
1633 
25 



aCCuDGO u 
GceuGcO C 
cuCcOGO U 
uCcUCUU 0 
CcOCDDO 0 

00OOGC0 a 

0D0GcO0 a 
UUOGcDQ A 
UUAUCAJU 0 
AAAuauU 0 
AcccAaU 0 
cAaUOGO* C 
aUUUJUU u 
CgcugAD u 
oGCDGMJ 0 
gCCXSADD u 
GCOGA00 0 
UgaAcCD* c 
ugaaO CU C 
C 0C 0GC U C 
0GaGDG0 A 
COGOAA0 u 
GASAAA0 A 
UAAAGaU C 
OUAaaaD a 



3cU 
DOGcOUA 

GCUUAUG 
ADGDUUa 
OGeuuAa 
DCTUOaa 



ADCDaAc 
G0C0UAA 
UuAAuAA 
AAuAAcG 
DGGuGAC 
O GSUGA C 



0GC0QOC 



ADuGcCC 
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Table 26: Mouse TNF-cc Hammerhead Ribozyme Sequences 



at. Moose EH Ribozyme. Sequence 

Position 

25 O 0C05 O C COGAIXMGCXSAAAG3CCGAA AG3CCCU 

66 OGSSAGC aCAOa ag X XGAAJIGSOCC A A AUUUUJA 

ioi gggacag csssmsussca s^ GsoaBSA AO C0G CC 

101 GSSACU3 CQGADGAGSCaSAAAGSaxSkA i UX O G C C 
1C2 AGGGACA CBGADGAGGCCGAAAGGCCGAA AACCOGC 

102 XS33ACA COGADSAOSCXXaAiUSKXSSaA AACCOGC 

106 OSUAOG cacsuxsaasccsAAAGsooGaA acagaac 

no Dca y s o s k eoGaccMsoaaAaG Go o Ga x agggaca 

HI GOGAOTG COGSIOGSUSSOOG B UUlGSmSUl AAGGGAC 

111 GOGAGOG aXSAOSAGGCCGAAAGGCCGAA AAGGGAC 

112 AGOGAGa OXSUDGAgGCaSAAAG G CC GA A AAAGGGl 
11$ GGCCAGCT OJGAIX5lGS0CGAAAjGG0aaA AGOGAAA 
137 GS U3S S1 1 C0GAD3At33OCGAAAG3CXX»A APGOG GC 

139 CU3GAGS croarousscaaAAGGCosax Ai»a3ro 

177 CGDOGOS CDCSUTSVCGCOSAAAGXa^ AUCADGC 

207 oopgsss caGaaauBsao s uagBOOGaA agogcco 

228 AGUOCOG coGAraAGGcastfuusGcccAA AAGCCCC 

228 JW SO0C0O C0GADGAGGCO3AAAGGCCGAA AAGCCCC 

236 CGGOC D g CK3ADGAGGCCGAAAG3QCGAA AGCUCTO 

236 CCOCCOG COCSUMAGKXGAAAGGCCGAA A GPOCOG 
249 - UGAGACA OX3W*3lGGCCGAAAGGCC^ AGGCACC 

249 CGAGACA QX5AD 5A CGGCGAAAGGOCGAA AGGCACC 

261 ADGAGAA COGADGAGSCCGAAAGGCCGAA AG GCUGA 

261 ADGAGAA CPGAQaAGGa3 S AAAGSCCGAA A G G CUGA 

2S3 GAADGAG CtXSADGA CGC C GA AA GG CC GA A AGAGGCU 

263 GAADGAG UXiAUUAGGCCGAAAGGCCGAA AGAGGCU 

264 GGAADGA CDGAnSAGGCOTUUtfSGOOGAA AAGAGGC 
264 GGAADGA OTSADGMGCOGAAAGOXDGAA AAGAGGC 
266 CAGGAA0 CUGATOAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG COCMGaGGOC3QUUU3C5CC^ ADGAGAA 

270 CAAGCAG CIKSADGAGGCCGAAAGGCCGAA AADCAGA 
276 C UGOCA C CBGADSAGGGCGAAAGSCCGAA AGCAGGA 
297 GACAGAA aXSADGAGGCaSAAAGGOCGAA AGCGOGG 

299 OAGACAG CTGADCaSGCC GA AAGgCCgAA AGAGCGU 

300 GUAGACA CTOATOAGGCXGAAAGGaCGAA AAGAGCG 
304 LrtJCAGOA C0GAR3AGGCCGAAAGSCCGAA ACAGAAG 
306 AGUOCAG C0Ga a 3ACSOOGAAASSO0SAA AGACAGA 

314 CACCCCG CaGATOAGGCCGAAAGGOCGAA AGOOCAG 

315 UCACCCC cugahsaggccgaaaggccgaa aagcdca 
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3X5 0CAO00C COGAD3AGGOa3AAACKXa3AA AAG30CA 

324 GG3GACC COGADGAGGOTaAAGGOCBAA ADCaCCC 

324 GQGGAOC CSGAIX21GGG0GAAAG5C3GAZL ADCACOC 

347 ADOOGGG OOGADGftGGGCGAAAGSGGGAA A CQOCO C 

364 CUiAUGA C0GMXMGCCGAAAGQCO3A AGGGAGG 

366 AACO3A0 COgAICAQGCOGAAA GSCCGA A AGACSSA 

366 AACUGA0 aX3UX5U3QQOaUUU3 50USA X AGAGGGA 

369 OAGAAOJ CGGADGAGGOCCAAAG SC O GA A ADGAGAG 

376 O QG GO CA C0GADG&GGQGSAAAG50CSAA, AGAAC3G 

390 OGAGOTJ COGAIX^aXXSAAAGSCCGAA A SSSSCP 

396 ADSAOJ CPSAO5AflQ00GAAA GGajSA A AGCGOSA 

401 ASAAGAU axatfXSAGGCaaUUUS S C CSS A ADCOSG 

404 OOGAGAA COSftOGAGSCGGAAAGGCCGAA ADGADC3J 

406 ooooga c c o G aosA Gsoocauuyss o oa B ui agadgau 

406 UUUUUAG COGADGAGGCGGAAAGGCGGAA AGAEGAU 

407 AUUUUiA CXIGAOGAGGGC3AAAGG00GAA AAGADGA 
409 GAADTOO CDGADGAGQGCGAAAGSGGGA& AGAAGAU 
409 GAADOCU CaSOXSAOSOaZUUUSSGQSAA AGRACSUJ 
409 GAALHJUU CPGAIXS ft GGOCCAAaGSCCCAA AGAAGA0 
432 C GOSSG C aXSttBAQGOOGAAAGGOO GA A, ACAGGCtJ 

444 GGOUOGC GXSAIXaAGSGGGAAAGSGOGAA AGCAG5J 

501 OGGOCAG COGtfJGAGGOOGAAAGGOGSAA A GSGOCO 

560 GACAAG3 COGAPGAGSCCSAAAGGCa a A ACAACCC 

560 gacaaos coGanaoacoGAA* Gs o osA & ACAAOCC 

564 AOTAGAC aXSUXStGGOCGAAAGGCOGAA AGSOACA 

567 GG3AG0A C U I AI X ^ GSOOGUUgXOSA ACAAGGU 

569 C0GGGAG COGAPGA GGCOGA AAQGCCGAA AGACAAG 

572 AACCOGG CaSft PGAGS OOGAAAGGOCGAA AGCSU3AC 

572 AACCOGG CDCS UX^ S GC aS A AAGSOCGAA AGOAGAC 

572 AACCOGG aX»DG3USGCCGAAIUGGCXSAX AGOAGAC 

579 OGAAGAG COGADGAG GOO G A A AQQODSA A ACCOGGG 

580 OOGAAGA CQGADGAGGQGGAAAGGOOSAA AA CO0CG 
580 UTOAAGA CX3GA03AG53OGAAAGGOGGAA AAOCDGS 
582 CCOOGA A GDGAXXSU3GOOGAAAGGOGGAA 

582 CCOOGAA COG ADGA GQOOGAAAGGOCGAA AGAACOJ 

534 GOOCDDG COGAOGAGSCOGAAAQQOOGAA AGAGAAC 

585 GOGQCOa OX»XX2AGGCCGAAAGGa23AA AAGAGAA 

615 G5G0GAG COG A DGAGGOUCAAAQQOOSAA AGCACQJ 

615 GGG0GAG CDGRDGAGQO0GAAA Q GO OGA A AGCACOT 

618 DG0GGGD C0GAXX3UGGOGGAAAGG0QSAA AGGAGCA 

630 ADCGGC0 COGWUG3UGGOOGAAAGGOC3GAA ACSG O G O 

630 A DCG GC P COG AM AGGCOGAAAflGOQGAA AO GG0G0 

638 GAZ3AGCX COGASGftGGOOGAAAGGQGGAA ADOGGCU 

643 OADGAGA GGGAD3AGGOOGAAAGGCGGAA AGCAAAU 

645 GOTUX3A COGADGAGGOOGAAAGGOOGAA ADAGCAA 

647 CTOGUA0 CDGADGAGGCCGAAAGGOOGAA AGADAGC 
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663 GGAGGUU CaCSVDGAG^CCGAAAGGCOG^A ACDUUCU 

669 CAGAGAG CPGAOGA GGC G G AAAGGGCGAA AG30CGA 

669 CAGAGAG COGADSAGGCCGAAAGGCCGAX AGGCGGX 

672 cggcaga c oggxaoo ooBuauaaoaaA agsaggu 

674 GACGGCA aJbJ0JUAU >CCGAAftQGOaGAA AGAG3AG 

661 G SCOCDa CDG3UJ2AQ3CCGAAAGGCa»A ACGGCAG 

681 G GOJOJU COGSVTOAaXXXAAAQGCaaA ACGGCAG 

681 C5COC0D CPGADGAG3SCGAAAOGQ0GAA, ACGGCAG 

734 GGGCDCA COGADGAGSGOGAAAGSGOGAA. AOCAGGG 

734 GGGCPCA. COGADGAGGCOGAAAGGCOGAA. ACCAGGG 

744 OCM9G02L CDSADSAGGaSSUAGGGOGAX ADGGGOJ 

746 UOOCAGG COGAPGAGGOCOtfUU SGC CX a A ADADGGG 

755 GCDGGAA araDGAGGOOGAAAGGOCGAA. AC0CC3C 

759 GCOQGAA COGAIX3AGGCX33UUU3GCCGAA. ACCCC3C 

761 CftBOaC S COGATOAGGOCCAAA lj i GC O GA A, AGACSCC 

762 OCAGCOG COGADGAGQOOGAAAGGCO GA A, AAGACSC 
786 CAQO G 00 CPGftPGAGGOOGAAA GGC a a A, A GOOCGO 
798 GCAGMia COGADGAGGGGGAAAGGGCGAA. ACCXJCAG 
802 DOG Sa Ol OTMISAGGroGAAACGCCEA XDOGACC 
812 G0COAAG eOG AD GJUSGCCTAAA GGO O GA A, acogggs 
816 CAAAGOC aXSADGAGGaxaAAGQCCGA* AAGOAOJ 

821 cdccoca otrdgaqg0cgaaag3ccgaa, agocgaa 

822 aco co g c ocaixsaggccgaaaggccgaa aagocea 

830 . C0GOCC5 COGMXaGSOOSAAA GG OO GA A, aua x x* : 

840 CAAAGOA CPSMGAS S gOG a &AGGOa^ ACCDGCC 

842 UCCAAAG CTOnSAGOCOSAAAGGCCGAA AGACCCG 

642 TOCAAAG aJGADSAGSOCGAAAGGCOGAA. AGACCCG 

842 OCCAAAG aXMGAGaOOGAAAOGCOaA. AGACCCG 

845 GACOCCA COGATOAGGOCGAAAaSCCGAA AGOAGAC 

846 DGACOCC COGADCaQGO OGA AAGGODCAA AAGOAGX 



855 ACAGAGC C0GAD3AGGCCGAAAGGCCGAA ADGACGC 

887 



891 GCTGGS CTOAIXMGCCEAAAGGCCGAA AGAGAAU 

905 GGGGOCA C0GAIJ3AGGQGGAAAG5Q0GAA AGOGGGG 

905 GGGGOCA CH2AXX2AGGOOGAAAGGQOGAA, AGOQGGG 

905 GGQGCCA CPGAPGAGGOO GA AAGGOOGAA, AGOGGSG 

914 CAGAGOA C0GAXX3WGGCQSAAAGGCOSAX AGGGGS C 

915 UCAGAGO COGADGAGGCOGAAAGGOOGSA AAGGGGU 
919 GGGGOCA aJGAIX2UQGaX&AAG90CGAA. AGOAAAG 
928 GACAABA C0GAP3AQGCCGAAA GG0 0 GA A. AC GG G CC 
928 GACAADA CB3ADGAGQCCGAAAGGCCGAA. AGGGGOC 
932 AGQAGAC COGAXJGAGGOOGAAAGQQCGAA. AOAAAGG 
940 COCOGAG OTWOGAGGOOGAAAGGOOGAA. AGQAGAC 
943 GQ3CDC0 C3J3ADGAGGCOGAAAGGCOGAA AGSAGGA> 
972 UUUUUL'U COSAD5AGGCOGAAAGGOOGAA. AGOQAGA 

972 OJUUUUI CXXaDGAGGCOGAAAGGCOGAA AGOQAGA. 

973 CCUJUUL COGADGAGGGCGAAAGGGCGAA AAGOOAG 
* 984 GAGCCA0 COgADGAQGC CGA AAGGCOGAA APCCCCU 
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985 PGA Q OCA CaGaPGAO C S SGA AAGGCCGAA, AADOCCC 

997 AGAGOOG COGATOAGGCCGAAAGGCCGAA AGOCCGA 

1010 AAGCOCO aXSAXXjAGGOOGAAAGGOOGAA AGCACAG 

1017 UDGDDGA CDGADGaGGCa^AAGGaXGAX AGCOCDG 

1018 GOOGOCG OTAtGAGGCOMAGGCa^ AAGCDC0 

1019 A G00GOO CO3U3au5Krx3aAAQSC0OA 

1073 OGCADGA aXSADGAGQGaSAAJUSGCOGAA AGSXCA 

1096 GoauBoa cogadsaggcogaaaggccsia. acoccoo 

1106 ADPJG GA aXSaX3U»XGAAAG3Ca^ AGOCCUJ 

13,07 AADOOGG COGAD3AGGOOGAAAGGOOGAA AAGGCCA 

1108 GAADOCG axaDGAGGOOGAAAG GC G SA A AAAGC2C 

U15 COOCRCCT CTOIUXSAGGaCtSUU^^ 
1133 
1164 

1180 ucmjucu ecGa uoG»os oaaA > fisoo BA agacaga 

1203 
1310 




1214 COGAAGG axagXaOGOOGAAA GaOUGA A AGGAAGG 

1218 AGGOCOG OTGADGAGGOOGAAAG300GAA AGGOAGG 

1218 AGGOCOG COGaXJSAGGOOGAAAGGOOGAA AGGOAGS 

1218 AGGOCOG CCXaADSAGGOOGAAAGGODGAA AGGOAGG 

1218 AGG0CO3 CCQtfX3U3GCO3UUU33C0GAA AGGOAGG 




1219 AAGGCCO CTOAXXaGGCa»AAG3CCGAA AAGOTAG 

1226 GTCOGGA CXXaAOSAGGCGGAAAGGQCSAA AGGUCGG 

1226 GQ3X5G& aJSACTSAGSOOGAAAGGOCGAA AGGOCGG 

1227 AGOCOGG 
1227 AGOCOGG 
1228 
1238 

1262 COGDSAG COGADGAO3C0GAAAGG00GAA AAGSCOG 

1283 ADAAADA COGADGAGGCO GA AaGCCCGAA AGGGGGG 

1283 ADAAADA GOGA05AGGCGGAAAGGCCGAA A GGGGGG 

1285 ADADAAA COGADGAGGCOGAAAGQOOGAA ACM3GGG 

1287 AAAZXADA COGADGAGGOQGAAAGGOOGMl ADAGAGG 

1287 AAADADA CXXSKJGAOQQCXSAAAGGCGG&2L ADAGAGG 

1288 CAAADAU COGADGAGQOCGAAAGGOOGAA AADAGAG 

1289 GCAAAQA COGADGAGGOGGAAAGGOOGAA AAADAGA 
1293 AAGOGCA CQ5AXX3AG5OOGAAA0SCQGAA ADADAAA 

1293 AAGOGCA OK3ADGAGGOCGAAAGGCOGAA ADADAAA 

1294 OAAGOGC C0GAOGAGGGCGAAAG3QQGAA AADADAA 
1300 AAAOAAIT COGADGAGGCOGAAAGQOOGAA. AGOGCAA 
3-303 AAQAAAB COGADGAGGCCGAAAGGOOGAA AOEAAGDG 
1304 OAADAAA COGAIXSAGQOOGAAAGGOOGAA AADAAGO. 

1306 AADAADA COGAD3AGG00GAAAGGGCGAA ADAADAA 
2307 AAADAAU 'COGA0GAGGCOGAAAGSOO3AA AADAADA. 

1307 AAADAAU C0GADGAGGC0GAAAG3C0GAA AADAADA 
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1308 OAAAIIAA 03GAEGAGGCCGAAAGGCCGAA AAADAAIJ 

1310 AADAAAIJ COGaDSAGGOOGAAAJSGCOGAA ABAAADA 

1310 AAJ3AAAXJ C3XaiX3ACS3CCX»AAG3CCtBA AnAAADA 

1310 AADftAAO CDCaD3»«O0 Sa iUU5SC0GSUL AOAAADA 

1311 AAAEAAA CCX3UKAGGOOGAAAG30CGAA AADAAAIX 
1311 AAAIIAAA CBGAD3AGGC0GAAAG3CC3AA AAOAAAZT 
1311 AAAHAAA QXJAEGAGGCCGAAAGGCCGAA AjUSUUUT 
1313 ABAAAIIA. CXX*AD5AGGCCSAAAGSGCG»^ ADAADAA 
1313 ADAAAOA OXyUXiAGSCCGAAAGGaaiAA ADAAIIAA 

1313 ADAAAIIA QX»A02AGGC3SAAAGCsOOG»V& ABAAEAA 

1314 CXI5AIX3U53CCX21AAG30QGAA. AADAAIIA 

1314 AAI3AAA0 aSGACGAGGCO^JVAGGCa^ AAuAADA 

1315 GAADAAA OI3AD3A£SXEG»AAGGCa»A. AAAOAA0 

1317 AADAAIZA CIXSUOGAGQCCGMAGSCCGAA AHAAACA 

1318 AAADAA0 C3»a38ACOCOGAAAa»0(S^ JUUQUUUT 
1313 ' UAAADAA CO»D3H3GCa2tftf^^ AAAOAAA 
1326 AAAUAAA OXS»IJ3A££XffiAAAGGCCGAA AAAUAAU 
1328 GCAAADA aX»D3U3«3X3ttAraa0G» ADAAMa, 
1325 AGCAAATJ aX3&SZOGCCX5!J&GaCa^ AAEAAA0 
1330 AAGCAAA CDGADSaQQOOjAAAGSGOGSUl AAAUAAA 

1332 AUAAGCA CDGADSAGSOOGSUU^GSOOSUL AUAAAOA 

1333 CAOAAGC aX3AIX3AGCK»GAAAG3CCEU AADAAA0 

1337 CADOCOT CTCAIXEU3GCCGAAAGGCCGAA AGCAAA0 

1338 ACADOCA. C03AIX2AGGCCGAAAGGCCGAA AAGCAAA 
1346 AAADAAA CDGADC3U3QCOGAAAGSCCGAA, ACADOCA 

1348 CCAAADA CCX2AXX2AG300GAAAGQGGGA& AT^CATO 

1349 DCCAAAU COSUKftCTOOGAAAGSCSSAA, AAUftCAn 

1350 UUCCAAA CTCADGAGGCO^AAAGSCOGAA AAADACA 
1352 CCUIXX1A a3GAPSU3GCCGAAA G^CLUA A ADAAADA 

1352 OOD0OCA CPCSUXSGGCOGAAAGGOCGAA AUAAACA 

1353 GCC030C CnTRTTSAGGGOGAAAGGQOGAA AADAAA0 
13^9 O CU C C AG CTKSAIKAGGOOGAAAGGCCGAA 

| 1398 CCGOCDG C0GAraU3333GAAAGOr^ AGACAGC 

1398 COGOCOG aXS^DGAGSaOGAAAGSOaSAA. AGACAGC 

1412 CACAGAA CDGAD3A£3GCa3AAAGG033AA ACAU30C 

1^13 UCACAGA 03GAZX3WSC>m2UUG3CaSUl AACADOT 

1414 DraVCAC OTGADSAGQCGGAAAGGOOGAA AAACADG 

1415 TOOCACA CtKADGAGGOOGAAAGGOaGAA AAAACACT 
1415 DCraCA C0G3WaCGCCGAAAG3CO33Ul AAAAOU7 
1438 AGS0GG3 COSAnSAGGCOSAAAGGOCGAA XCAGCDC 
1451 AGGOAGA COGADGAG30C3AAAG3CCX3AA AGGC CA O 
1453 CAAGGOA CDGADGWGGCEGAAAOSCCGAX A6AGG0C 
1^55 AACAAGC COGAlKaQSOOGRAJUaOOOBA AGAGAGG 
1462 AGGAGGC OT3ADGEAGGGCGAAAG300GAA ACAAGOT 
1470 AGCAAAA aJGAUCaGGOOGAAAGGOQGAA. AGGAGSC 

1472 UAAGCAA aXSAOSSGGCOaAAGGOCCAA AGAGGAG. 
1<73 AOAAGCX OTGAD3AGGCCGAAAGGGCGAA AAGAGGA* 
1474 CAIIAAGC QS3AD3AGGCOGAAAGGCCGAA AAAGAGG 

1473 UAAACA0 C0GAB2AGGO0GAAAGG30GAA AGCAAAA 
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1479 OTAAACA ClX^AUiAGGOCGAAAGGGOGAA AAGCAAA 

1479 OdAAACA CSK5RIERGGCCGAAAG3CCGAA AAGCAAA 

1484 naGaooa croArcAGGOOGAAAGGoasAA aacmjaa 

1498 GOCttGMJ aXS U 7 SA GGa^AAAGGCCGAA AAEMKKJ 

15U uoaagac cDGaosaosoaaaaG so o Ga A a 

1514 uuauuaa araixaGGcaaAAGGoasAfl 

1516 osaazuaa crarausocasAAAQQcasAA agacaau 

1529 GOCACG& CIXjAIXaGGO0GRA A G300G A A ADCW3CG 

1529 GOCACCA axsaxsucsaazuAooacxsui ADOGOG 

1530 USOCACC CTOSUroaOSOCGAAAGSaCtSUk AAOOVGC 
1530 GSOO OC COSMXaMaSOOGMU^ OSOaSU l AADOU3C 
1563 G3SAGCA C0G aJ SaGSOOSSUU U 3 50OSa A AG300CA 
1563 GGGAGCA COGRDSAGGSOCSUUKSSOaGAA AGSOQCA 

1568 cogo gss axsatxsusarcaAACscasui agoum 

1589 csse aao aca n G a csoosa AA flBcosAA aovgoca 

1592 aXSADCUaQCCCAAA GSCasa A ADOftCAG 

1617 G2VDCDC7 C0SA03AGQOCGAAAG3OOSAA AUUUCUC 

1623 OOOAAGC GOGADBAOQOGOUUyQSQOBSUl AUCUUUA 

1633 SjUUUUU GCXaADSAQQOOGAAAGQOOGAA ADOTOAA 
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Table 29: Human bcr/abl HE Target Sequence 



Sequence 
ZD Ho. 



20 traocAiXA *m ks&ms&csc. 

21 COCT G3GGG5X&GJ 

22 AftSMGOQC ODC 



23 . OMGCaaG TXC AAAAG3X1XC 

24 ODD CftG33323GC7 

25 CAAAAG3X TEC 
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Table 30: Human bcr-abl HH Eibozyme Sequences 



ZD No. 



26 GSOOOCOOCg P COSfflGAGGCCGAaAGGCCGaA. ADGGADGGOCA 

27 aC OG SCO S COG COG»IX3»bcCGAAAC^rSlA A3GCTOCO0C 
26 tffiCTOGCCGCa CTOMX»GSCCSaAAGGQCGAA AAG3QCOCCDO 



23 <3uu3sgcooo0 axaoBigasauuus u x ^ AA OJUJUJJUA 

30 acoosooocpg cosa D G a ssoosaM^ saooGS A a saacoopasa 

31 nftc o usacsca oxsosgsccsaaagsccgaa aaggscdooog 
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Tabic 31: KSV (IB) HH Target Sequence 



at. BE Target: Sequence 
Position 

10 GGCAAAIJ A AADCAAU 

14 AAOAAA0 C AADDCAG 

18 AAOCAA0 U CAGCCAA 

19 AOCAATO C AGCCAAC 
54 CAADGAU A AXJACACC 
57 OGADAAO" A CACC ACA 
77 OCADGAU C ACAG3CA 
94 ASACCSO U CS0GAGR7 
97 O0GOOSD C ACUUUAG 
101 UGUCACD 0 GAGACGA 
U0 AfiaOCMJ A ADAACAU 
113 OCAOAA0 A ACSDCAC 
118 AOAACAU C ACEAAOC 
122 CAOCAOT A ACCAGAG 
134 GAGACA0 C AUAACAC 
137 ACAOCS0 A ACACACA 

148 CACAAA0 U XZmOAC 

149 ACAAAOT U ADAZJACQ 

150 CAAADOO" A UAnACDU 
152 AAuuuaJJ A tSUQDOGA 

154 UUUAUAU A CDDGM3A 
157 AnADAOJ a GUSVAA0 
161 ACOOGA0 A AADCADG 

155 GA0AAA0 C ADGAADG 
176 AAOGCAIJ A GOGAGAA 
188 GAAAACO a GADSAAA 

208 GCCACA0 TJ aACADOC 

209 CCACAOT U ACAOOOC 

210 CACAOSKJ A CWTO0C0 

214 CQOOa U CC O BS OC 

215 uoacadu c c dgs0ca 
221 o0c0gsp c aacoadg 
226 gocaaco a ogaaaos 

239 03AAACO A OOACACA 

241 AAACOAU V ACACAAA 

242 AACUADU A CACAAAG 
251 ACAAAOJ A GGAAGCA 
261 AAGCACO A AADAHAA 
265 ACQAAAU A OAAAAAA 
267 DAAADAO A AAAAADA 
274 AAAAAA0 A OACUCSAA 



at. HH Target Sequence 
Position 

276 AAAADA0 A COGAAOA 

283 ACOGAA0 A CAACACA 

295 ACAAAA0 A UGGCAOJ 

303 OGC3ZAGJ U OCCCGA0 

304 ' GSCACOO 0 CCCOADG 

305 GCACUOa C CCGAXXX 
309 UUU LXX U A OGCCA A0 
317 CGCCAAU A OUCAOCA 

319 CCAADAU U CADCAA0 

320 CAAOAOT C AOCAADC 
323 DADOCA0 C AADCADG 
327 CADCAAU C ADGAOS3 

337 GcUCGQSO 17 COUAGAA 

338 AOGGOTa C OUAGAAU 

340 U^UUOJ 0 AGAAUGC 

341 GGOCCOtf A GAADGCA 
350 AACGCAU U GGCAUCA 

356 OCGGCAU O AAGOOjA 

357 UGGCAO0 A AGQCUAC 
363 QAAGCCU A CAAAOCA 
372 AAAGCAU A COGOCAU 
375 GCACACa C CCADAAU 
38G COCCCAU A ADADACA 
383 CCAUAAD A UACAAOT 
385 ADAAOAIJ A CAAGQA0 
391 QACAASa A UGADCCC 
396 G 0WOSM J C UCAADCC 
398 ADGADCa C AADOCA0 
402 DCOCAAD C CADAAAU 
406 AADCCAU A AAOTOCA 

410 CAGAAA0 TJ OCAACAC 

411 AHAAAUU U CAACACA 

412 UAAADIKJ C AACACAA 
421 ACACAAO A ODCACAC 

423 ACAAHAD U CACACAA 

424 CAAEAUO C ACACAA0 
432 ACACAAO C UAAAACA 
434 ACAADCO A AAACAAC 
446 AACAACD C UADGCAD 
448 CAACGCD A UGCAUAA 
454 UADGCA0 A ACOAUAC 



i 
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458 CMXAACD A tXACOCCA 

460 OAACnRD A CDCOUJA 

463 CaADROJ C CADOOTC 

467 ACOCCMJ A GOCCRGA 

470 OCMDCT C GAGADG3 

489 CGAAAAU 0 AZBUSOAA 

4^0 GAAAADC A ORGCBUUJ 

452 A GQAASOQ 

495 OOMttOT A ADOOAAA 



266 
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Table 32: KSV (IB) HH Ribozyme Sequence 

at. EH Ribozyme Sequence 
Position 

10 AOTGAOT COGADGA0GGGGAAAGSOCGA& A0OOGOC 

14 COGAADU coGaDCM asoaauutf a ooE B ui ADUUADU 
18 00GSC0O CPG3lgafiS0DfflUkA GS a0G a Ul adcgaot 

15 G0O33CU OX2AIX2L«3GOGAAAG3aOGAA AAX2CG5U7 

57 ogogsos coGB tfaGa gsoosaMGSoosax AUUAUCA 

94 AACOGAC CTOARaAGSGCGAAAGGGOS^ AOjGUCU 

97 COCAAGU CPGMXaQQOOGAAAGBOOGAA. ACAAOGG 

101 OSS0 C 0C COSAXJ2A03CCGAAA0GOOG&A AGOGACA. 

113 GOGADGU aXS UJ UJU^XGAAAGGCXXaA AOTADGG 

118 GGDGDUSU GOGRDGA03OO8&MG9OQSAA, JULUUUAX7 

122 eUCOU^J C£X3aU3AGEOOGAAAGGOOGAA AGOGADG 

134 G U3JUA P C0GAD3U3Q0OGAAAGGO0GAA A0GOCDC 

137 OGOSGGO aX3UJGA03CXmAA«»GAX MXMGO 

148 GCM3ADA COGADGA0GOQGAAAGGQQGAA. ADO0G0G 

149 AGOanWJ OTSA P 3U5GOCGAAAGGCffiAA A ATOOCO 

150 AAGOADA CIXU UJ UUA^XG^AA GGC O ^ AAAOTOG 

152 ocaagoa caaggaoEggauui Ggpoffi A adaaado 

154 GADCAAG CO»03AGGCCGAAAGQ323AA ADAHAAA 

157 AUUUAUC CDGaOGAGGCOGAAAOGCOGAA. AGOAEAD 

161 CADGABO COCa DGa OBOg S U^ G SOO GA A ADCAAGO 

165 CADDCAD C33GAXX3AOCXa3^G3aOGAA ADOOADC 

176 OTCDCAC COS M3GA OGOOC3AAAGGOD5AA ADGCADU 

188 UUUCM3C CDGAD3AJ3GCOGAAAGGOOSAA A tiUUUUC 

208 GAATOOA CPGaDGA Q GCGG AAA QGCOGAA ADSOOSC 

209 C33AADGO CDGftDGAGGOOGAAAGQCO GA A. AAXJG0G3 

210 AOSAADG OTGADS3U3GCCGAAAGGCCGAA. AAADCOG 

214 GACCRGG COGAD3ACSOC G AAAGGCOGAA ADQ3AAA 

215 03AOCAG COGAIX3AGGCCGAAAGGCCGAA AADGCAA 
221 CABAGOO COGAOGAGGOCGAAAGGOO GA A, AOCAGGA 
226 CADOOCA COGADGAGGCCGAAAGGaOGAA. AGOTGAC 
239 0O0GQA A CTOM3GAGGCOGAAAGGOOGAA. AGUOCCX 

241 UUUUAjU CTOATOAGGCXiaAAGGCCGAA ADAGUUU 

242 COOOGOG CXP3AIX3U3GCCGAAAOG003AA AAZ3AGDCT 
251 OSCOOC C CDGAZXSA/QOCQSAAAOQOOGAA A CUUUUU 
261 DUAUADU OXSAIX^GGCCGAAAGGCCGAA AGOGCDU 
265 UUOUUUA CTOADGAGGOOGAAAGGOOGAA ADUUAGC7 ^ 
267 UADUOUU CTOMX3AGGCCGAAAGGQCGAA aeadoua" 
274 COCAGOA COGADSAGGOOSAAAOGCOGAA AUUUUUU 
276 UADOCAG CGGAXX2AGGCCGAAAGSGOGAA. ADADOOU 
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283 U G UGUU G COGMnAGQOOGAAAGOOCGAA ADOCAQJ 

295 A GJGOCA . COGADGAGSOCGAAAGGaCGAA ADOOOGO 

303 AdAGGGA aBAXXaGGCOaAAGGQOGAA AGOGCCA. 

304 CADAflGG CB3A05AGGOOGAAAGSCOG&A AAGDGOC 

305 GCNOAGG CUQATOAGGOOGAAAGSOGGAA AAAG0O2 
309 A P0 GG O I CUGaDSAGGCCGAAAGGOCSAA AGGSAAA 
317 




319 ADOGA0S QPGADG&fiOCOSAAAGOOOGAA M2H0DGS 

320 GADUGAU COGAIXaAGGCGGAAAGSGGGAA AADADCG 
323 CRDGADQ C0GaiX5U3Q00SAAG3GS SA A ACGAACA 
327 OO O CMJ aXSADGRGGCCEaAAGGCCGAA ADCGADG 

337 UUUUAAG GroADGM33GG5AAAGG30SAA AGQCADC 

338 aroanui oJGAinaocccGa&aGSoaaA aacocaxj 

340 C3UD0C0 
341 
350 

356 GAGGCOD CUUADGRGQOOgAAAGGaJLAA ADQ0CA& 

357 Gcaasaj aJGMXausooQS&AAGOcasvx aadoccx 

363 0GC0OOG COGAOaaGOQStAAGGCXSAA. AO9CD0A 

372 AD3QGW5 CDGMX»GOO0GAAA gGOOGA A A PGC000 

375 AOOA03S OEAIX»GGCCGAAAGG00GAA AGCttDQC 

380 cggadwj aJGAxxnsGGCGAAAGQoosAA adgogag 

383 ACDOGGA GOGAtfSGGmSlftAGGCC^ AOTATOG 

385 AmcooG croAzxaocxasAAAasooeskA ADanaan 

391 GAGADCA aXSADGAGGOOGAAAGGOOGAA A OJUUUA 

396 GsauoGA coca oatfag ogaMtfgso osM i adcagac 

398 atogaud CDGUxaasoaswussaasiai aghdcmj 

402 ADOGADG CBGADGRGGOGGAAAGOOOGAA AQ0GAG& 

406 OGAAADO COGADGaGQOOGRAAOOOOGAA ADG5ADG 

410 GCGOOGA COKtfXJRGQOOGAAAGSCOGAA ADOOADG 

411 0GGS0OG OTADGRGGOOSttAGGCCGAA AADOCWJ 

412 OT30COU CGG3U75AGGOOSAAAGGOQGAA AAMDOOA 
421 GOGOGAA. CXX3ADGftOGCOaUAG3COGAA A DOGOGO 

423 UbUJUUU CUUAUU& GGQ O aA RAGQOOSUl AIE UJUUU 

424 ADOGOGO CDGAXX3U9G00GAAAGGC0SAA AAZIADOG 
432 UGUUUUA CPGAPGftQQOCGAAA QGOCGA A A DOGOGO 
434 GOOGOOO COGAIK5U3GGGGAAAGGQOS&A AGRDOGO 
446 SOGCXBA. COGAXXa&GGOOGAAAGGOCG&A A COOGOO 
448 UUAIX^A COG3UX3U3SOOGAAAGGOCGAA AG&G0GG 
454 



458 OSGAGGA. COGaPBflOOC SA A MGOOGA A, AGOGADG 

460 UADQGAG COGA03U3GGOSAAAGGQOGAA ADAG0O& 

463 GACDADG C0GAZX3U3G0GGAAAGGGCGAA AGQADAG 

467 OCOGGAC CDGAOGftGaOOGAAAGGOOGAA ADGGAGO 

470 CCMX3J3 CCX3AXX3U3GGOGAAAGGQOGAA ACGADGG 

489 tJQACOAU COGADG&aGOOGAAAGQOGGAA ADOOOOt 

490 ABGAODV axaTOAGSOOGAAAGGOOGAA A AUUUUC 
492 AAAQGAC CUGAUJASQCCGAAAGGCCGAA ADAADOO 
495 TOGAAA0 COGAIXaGGCCGAAAGGCOGAA ACQADAA 
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Table 33 : RSV (1C) EH target Sequence 



at. 
Position 

10 

16 

17 

21 

25 

31 

32 

35 

37 

38. 

42 

46 

50 

51 

67 

68 

71 

76 

81 

87 

88 

92 

93 
100 
101 
104 
105 
120 
125 
128 
129 
135 
143 
145 
1S1 
155 
* 156 
159 
163 
164 



GGCAAAD 
OAAGAAD 
AAGAAU0 
ADOT3AD 
GAOAAOT 



COUAAAU 
UAAADO0 



acdcooj 

OJ UU O30 



•.•[•'r-r-t'i 



AADOCAU 
ADUGAGO 



UAAAAG0 
AAAAGO0 
GOTAGMJ 
TOAGAIJ0 
ACAAAM7 
CAAAAIJU 
A APOOSG 
flPOPGOO 



GCMJOGSJ 
CAOTO00 
OAAAAA0 



ATOCQAU 



GAUAAAD 
AUAAADU 
AAUUAA0 
AADACAU 
AEACADU 



A AGAAUO0 
U OGAtTAAG 
0 GADAAOT 
A. AGUACCA. 
A CCACDGA 
U AAABTOA 
A AABUQAA 
0 0RACOCC 
U AACOCCC 
A A CPCOC0 
C CLUOUSJ 
U QGOQRGfr 
U AGAGABG 
A GAGADGG 
0 GRDOGAG 
C AXXX5U50 
0 GAGOADG 
A UGAX3AAA 
A AAAG00A 
U AGABOAC 
A GADORCA 
U'ACAAAAU 
A CAAAAOT 
0 0G0O0GA 
a OJUUGA C 
U OG&CAA0 
U GACAADG 
A GCAD0G0 
U GUOAAAA 
U AAAAAUA 
A AAAAEAA 
A ACA0GC0 
A UAC0GAX7 
A COGACAA 
A AADUAAD 
U AAOACAD 
A ADACMJ0 
A CAuuuaA 
U DAACCAA 
0 AACOAAC 



at. 

Position 

165 
169 
175 
176 
131 



196 
201 
206 
216 



231 
232 
234 
235 
241 
247 
249 
250 
256 
259 
262 
265 
267 
270 
273 
278 
263 
284 
285 
300 
303 
316 
317 
319 
321 
338 
339 
346 



UACADUU 
uuuaACB 
UAACGC0 
AACSCOa 
001 



ADGGCAU 
ADOGCGU 



G35AXXA0 
GGADAIJD 
O0GC0CO 
CCCOAA0 
UAAUAAB 
UAADAAD 
AUAADAIJ 



OOTOACT 
G0AAAA0 



CGCAAD0 
OCAADUO' 
T33OCAG0 
CAGQACd 



ADOGAAX7 
CGGAADH 
AACACAXT 



A ACOAACS 
A AOGCCOT 
U DG3CCAA 
U < j j »M.M* S 
A AJ33CAGCJ 
A CAEACAA 
A CAABCAA 
C AAADOGA 
0 GAAD3SC 
0 G0G00CG 
0 \XaXXSCASJ 
U GOGGA0G 
O AUOACAA 
A 0OACAAG 
U ACAACTA 
A CAAGUAC 
A GGGAHAZ7 

a aqoG c rc 

U GCC OJ AA 

A auaajoaa 

A AUAADAIJ 
A AUAUOGU 
A 0DG0AG0 
0 GUAGQAA 
A G0AAAAXJ 
A AAADCCA 
C CAAUUJC 
0 UCACAAC 
0 CACAACA 
C ACAACAA 
A COACAAA 
A CAAAADG 
0 AUAJQADG 
A UAUADGG 
A UMX3GGA 
A OGCfCSAAA 
0 AACACAU 
A ACACAXKJ 
0 GCOCOCA 
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350 CADOGCtf C OCAACCU 

352 00Q C 0C0 C AAOCHAA 

358 ocaaocu a a ro socu 

364 UAAUGU7 C QACOAGA 

366 ADQGOCa A CQAGAD5 

369 GOCDACD A GWJGACA 

379 DGACAMJ U GOGAAAD 

387 G0GAAAU U AAADOOJ 

388 OGAAAD0 A AADUCUC 

392 ATOAAA0 0 COOCAAA 

393 COAAACa C DCCAAAA 
395 AAAD0C0 C CAAAAAA 
405 AAAAA07 A AOTOOT 

412 AAGCGAO 0 CAACAAD 

413 AG0GRDO C AACAADG 

427 GACCAAIJ U AHADGAA 

428 ACCAAOT A GADGAAU 
430 CAADUAIJ A UGAADCA 
436 OADGAAIJ C AAOOftDC 

440 AADCAA0 0 ADCOGAA 

441 ADCAAOT A 0COGAA0 
443 CAADOMJ C UGAA0OA 

449 UC03AAD 0 AGDOGGA 

450 CDSMUTO A CUUUUA0 
453 AATOAOJ 0 CSAOOOG 

458 COOGGBB 0 O3UOC0U 

459 OGGGADO 0 GADCDOA 
463 AOTDGMJ C OOAADCC 

465 0OGA0CD 0 AA0OCA0 

466 DGAXXUO A ADCCAHA 
469 0CDOAA0 C CADAAA0 
473 AAGCCMJ A AADUAHA 

477 CAEAAAU 0 AIIAAOTA 

478 ADAAAD0 A UAADOAA 
480 AAAUUAU A ADOAADA 

483 0OAQ&A0 0 AA0A0CA 

484 0ADAAD0 A AUADCAA 
487 AAOTAAD A 0CAACDA 
489 UOAAQA0 C AACOAOC 
494 AOCAAC0 A GCAAADC 
501 AGCAAA0 C AADGOCA 
507 OCAADG0 C ACQAACA 
511 0GOCAC0 A AOOCA0 

519 ACAOCA0 0 AGOOAA0 

520 CACCAUO A GOTAAOA 

523 CADOAOT 0 AAQADAA 

524 ATOAGO0 A A0AISVAA 
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Table 34: ESV (1C) HH Ribozyme Sequence 



FCT/EB95W0156 



xxt • 
Position 

io 

16 
17 
21 
25 

31 . 

32 

36 

37 

38 

42 

46 

SO 

51 

67 



71 
76 
81 
37 



92 
93 
100 
101 
104 
105 
120 
125 
128 
129 
135 
143 
145 
151 
155 
156 
159 
1S3 
164 
165 



AAADOOJ COGAIXSACSOCCGaAAGGCCGAA ATOCGCC 
CUUAUCA COSaDGUSGOOSAAAGSOG Grt A, AUUJJUA 
AC0OADC COCSUXSUSaXGAAAGSCOSUl AHJ0COT 
CGSQACO agaUgaGSOOGAAAG S QCS a A ADCAAAD 
UAAGCGS CGGAOSAGSOOSAAAGSGO SA A AC0CM3C 

mAADDa cosuxsyssacawusscasA Acro a* 

UQAAAOT CDGATOMGOCSAAAGSCCSAA AAGOG3B 

ADOGAAG 
AADOOAA 
AAADOOA 

ACCAAGG CDGMXaGCa^AAGGCQ ^ AGUGAAA 



CtfJCOCa CGGA D 5AG3O0G A AAGSaC SA & AOCAAGS 




CABACOC 

ooa 

UAA 



GO0 GA AAQS30 GA A 
CQGADGA0GOQC3UUU3SCS&A, 
COGACCAQSOOGAAAGSOOGAA 
COSATOagSa3 S AAAQaXSAA 



AAG0GC3 



AL-UUUUA 



ABQOUSCJ 
AABOOTG 
X3CAAAC& 
GUCAAAC 



COGADGAGGOOGAAAGGCGGAA> 
COC2UQGAG3C0GAAAG300GAA 
GCCGAAAGGCOGAA 
GCCEAAAGGOOGKA 
CDGMXSJIGGODGAAA G S O D Gt VA, 

axareussassaAAQsoa s& A 

COGA03AGGCCC3VAAGGOOGAA 



ACAATOC 
UUUUA AC 
UAuuuuu 
UUAUUUU 
AGCADGU 
ADCAOTA 
UUAUCAG 
ADOAAIjO 
A3 
AAJ 
GUAAADG 
UUAGOUA 



GO O GA AAG S CO SA A 
COGMX3AGGC03AAACGCOSAA 
GOCGAAAG3003AA 



AAUCUAA 
ATOOOGO 
AADOUOG 
ACAAADU 
AACAAAU 
ACOOCA0 
ADGGUAC 



AACAADG 

abotoqa 



•client 



CUGAD5AOS00GAAAGSC0SA& 
CXJGA02MGOOGAAAGGCOGAA 
CCXSAO5AQQ00 Gft AAGG00GAA 

COGAD5AGGOaSUUU3GOaSAA 

axsAixac aaxa AAosoasAA 

CGGADGAOG30GAAAGGGOGAA 

3V& 



AUUUAUC 
AADOOAU 
ADUAADU 
ADGCRDT7 
AADGCWJ 
AAADGOfc 
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169 AAAGCQJ C0GMJGAGKSGAAAQ3O0 GA A AGOUAAA 

175 uorgcca coGa gC AOcaoguuuaaocasax a cosqtR , 

176 aroaccc coGagxaQOcoGMkA Qs ao BA A, AAGCGa q 

181 ACOGCCU OXSaiXaGgOOgKAAGSOO Sa A AGCCAAA 

152 DDGQAOG CPG3tfXSAQ00OC3UAC3O0GAA AOCACOG 

196 UOGMTO aXSUJSAGGCCGAAAGGCCGAA ADGOAEC 

201 OCAATOO COGADGAGGCEGAAAGGCCGAA ADOGGMT 

206 GCCADOC COGlgJSAQOOO S AAAQQCa a A ADUU GA P 

216 CAAACAC CDGATOAGSOaSAAAGSCaSAA ADGCCAB 

221 AEDCACA OX3AIX3AGGCrGAAAG3CCGAA AOUCAAXJ 

222 OUOGCAC COCSUJGAGGCCGAAAGGaOGAA AACACAA 

231 OOGCAAD CRaADSAGSOOGAAAGSCCSAA ACADGCA 

232 CDO50AA. COSADGAGJSXSAAAGSCXISA AACADGC 

234 UACOOGO OXSUJGAGGOOGAAAGGOOSAA ADAACAX7 

235 OJAOTO G02ADGAGGCCGAAAGGCO3AA AACAACA 
241 ADADCAC C0C3UDGMGG0G2UJU5GCCGAA A COOGCB . 
247 GOGCRAA GDSADSAfiQGOGaAAOGGOSAA ABCACOA 

249 DAGGGGA. GOGRDGAGGQOGAAAGGOOGAA ADADGAC 

250 TOAGGGC COGaOGAGGOOGAAAGGOOGAA AADADCA 
256 UUAIAJAO CP ra n a OGOOGAAAQGQO GA A AGG3C A A 
259 AHADDW7 COGATOAGGOaaAAGGCOGAA ADOAGSS 
262 ACAAEMJ CDGAZX3AOSQCSAAACQQCGAA ADOATOA 
265 ACOACAA CCJSWXSAGGCCGtftflAGQCOGAA ADOADGA 
267 QaAGOAC COGAD3AQGOOG3VAAGGOOGAA AHADUAD 
270 AD000AC aXSADSUSGGOSAAAGGOOGAA ACAAHAO 
273 OQGADOU CO3ADG2U3GO0GAAAG3O0G&A ACQAGAA 
278 GAAA0O5 C0GAXI3AGGOCXSAAAG3OOGAA ABOOTAC 

283 GODGOGA C0GADGAGGO0GAAAGGCCGAA AOT3SUJ 

284 lUJUUXf C0GAO3AGGC0GRAAGGO0GAA AADDGGA 

285 TOGDTOJ CXX3UX3tGGO0GAAAGSGGGAA AAADCGG 
300 U UUGUAO axaXXaOGCOGAAAGGCCGAA ACOGGCA 
303 CAD0Q03 aXSAXERGGCOGAAAGGCOGAA AOTACDG 

316 CAQADA0 QAsAJLXSAGGCOGAAAGGCCGAA AGCOCCA 

317 CCAXJAEA. aXSUXSAQCSOGGAAAOGCOSAA A AC CDDC 
319 TXXXAUA CDGAIXSaCSaOSSAAAOGCaSAA ADAAOCCJ 
321 UUUUTA COGAXX3AGGO0GAAAGGCCGAA AEMZAAC 

338 ADGDGDCT CDQOTAGGOOGAAAGGOOGAA ADOGCAU 

339 AADGOG0 COSAXXS3U3C300a3UUU33CCXSUl AADOCCA 
346 OSAGAOC COTttXSAGGCaaUtfKXXXXSUl ADGOGOU 
350 AGGOOSA COGADGAGGOOGAAAGGCCSA AOCAADG 
352 OOAGOTCT GTOADSAG3Q0SAAAG3O0GAA AGAGGA& 

, 358 AGAOCAU OT3A03AGGCOGAAAGGOO3AA A SGQOSA 

364 TO3AGOA aX3ADG3U5QCaSUUU3GOa3AA ACCADOA 

366 CADCOAG aXSAXXSAOQOOQAAAOSOOGAA AGACCAU 

369 OOTCADC CD5ADGAG3C0SAAAGG0GGAA AGUAGAC 

379 ABOTCAC COGWXSAGGOXaAAGSCCSAA ADOGOCA 

387 AGAAODO OTGAXX3AGGCO»AAGGCCGAA ADOOCAC 

388 GAGAA DO OXjAXJSAGQCOGAAAGGCCGAA AADOOCA 
392 0CXX3GAG aXSUX3AGOC03AAAG3COSAA ADDOAAU 
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393 OOOOSGA , C&SXXSSdSGCCGkMOSCCGSOL AADUOAA 

39S oooooos cDcs uuGa csaasa&ftGsaaaA Asaanoa 

405 AADCAOJ C0CM13AG3Q03AAAGQ00GAA A G00000 

412 A P0G0DS CtRSZttBaGGOOGAAAGGOCGAA ADCACOT 

413 CKKJGOO COG»D8M3GCOG8AAOC30aSAA AADCACU 

427 uucrizmj coG»DsaysoogatfuyGSOo g aA a do sc o c 

428 ADOCAnA OXSAIX3AGe»3GaAA«30C5AA A AUOSGO 
430 UUAUUIA CDGAIX2AGGCC3SAAAG3Ca=\A AnAADOG 
436 GADAADa CCK»IX3UKSXGAAAGarGAA ADDC3UJA 

440 otcagah cog vu c M Gcaauu^am adcgadu 

441 ADOCAGA CX3SAXKZU3GCQZAAAGQGCSAA AH3O3A0 
443 OAADUCA aKSAnSAGSCOGAAMXCGAA ADAAXJOG 
445 OOGAAOT COGWXaGCXXGAAAGXCGAA ADUCAGA 
450 ADCGAAG aXSUXSAjSXOSUUtfJSXGM AADOCAG 
453 OAMJX COGADGAGGOOGAAAGSaOSAA, AGORMJU 

458 AAGA0CA CDCaiXSaGgOOSAAA QQOOSa A ABOC&AG 

459 OAAGADC CCmTCAGGCCGAAAGTXraiA AAECCAA 
463 GGADGAX CPSA PSa GgO aa aaflSOOSaA, ADCAAA0 

465 adggado coGa DaaGg aotaaacaooBA agadcaa 

466 cadggau cDGAasaoGoasaaaasacax aagadca 
469 AaocmnG cosaDGatfaoasAaaoccasa adoaaga 
473 uaDAADa cosaxxaoooasuvaoooosAA ADGsaro 

477 QAADQAU coGaDsaQtgtaaaagsooc a A Aoooaro 

478 dqaadda coGMxaGrog aAa oooo Ga a, AAnoaau 

480 UADQAA0 aEADSAGGOOSAAAGOXEAA auaaotij 

483 asanasa cosaDG8yBoobsaaaosoaa& aduaoaa 

484 UOG3O3A0 COGADGAQjaaSAAAGSCCSAA AADCffiDA 
487 OAGDOGA COGAXXSaGSCaSAAAGSGOGAA ADQAAD0 
489 GCDAGOU C0C2UXSAGGOQSAAAG3GQGAA ADMJOAA " 
494 Ca nOOSC COGaOSAOGQOSAaaoCXXSAA AOaOGAZJ 
501 OGACADU OEXSRIXaR Sj CO SA AAGOODGaA AUUUUJU 
507 TOOORGO COGADGaGSOaSAAAGQOCGAA ACADQGA 

511 apggogd cDGaPBaoooo s aaaosoaatfk agdgaca 

519 AJDCAACO CaaDSaQGCOSAAAGSCXGAA ADQG O GO 

520 • tjacoaAC coGaD Gac ooa a aaGSOO sa A aaoggos 

523 , UOM2ADO aX3AI3GAaQOa33UUGC3CXX5AA ACORADG 

524 UOaADMJ UiUAU^ QQCaSAAAGQOOSML AACDRAU 
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Table So: RSV (N) HH Target Sequence 



PCT7IB95/00156 



nt • 
Position 

9 

21 
23 
24 
32 
37 
45 
50 
60 
63 
66 
70 
73 



HH Target Saqu«nc« 



89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
ISO 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



G3CAAAD 
CTDGGOJ 

a ss coc o 

GSCTC0O 



coacoco 



AGGAGUJ 
A 
X 



OSADACU 



GCCQA&0 
UJUAAOO 



GGCADGQ 
UJAJUGUU 
ADGDUMJ 
0G0QSD0 



DG C OM D 
UAAJDCAXJ 
CADAAAU 

Aoooosa 

0000500 



AADAGGU 



A CAAAGMI 
C UCBVGCAA 
0 AGCAAAG 

C AAGODGA 
O GVADGAD 

a cscocaa 
c aacaaag 

C AACOOCD 
U C0G0CM7 

c UGueaoc 

C APOOW3 C 
C C&GCMA 
A CACCADC 
C CAAGQGA 
A GOMJUSA 
A OOGAD&C 
U GRDACTC 
A CDCCT3AA 
C CDAMJUA 
A ADOMJGA 
U AUUAUUJ 
A OGAUUUU 
C AM3AAOT 

a Acaasro 

0 J UDGOSOC 
A OGOGSCA 
U ADUAXOC 
A UOAADCA 
U AADCRCA 
A ADCRCRG 
C ACAGAAG 
A ADCAHRA 

c jusuuvto 

A AADOCAC 
a CACUGGG 
C AO09SSO 
0 AMDU3OT 
A ADAGGOA 
A GGOMJGO 
A UUUUAIXA 



Position 

217 
218 
220 



BR Target Seoaeace 



231 



236 
254 
260 
263 
277 
279 
284 
299 
305 
315 
318 
326 
327 
346 
347 
355 
356 
361 
370 
371 
383 
384 
389 
395 
401 
406 
408 
415 
418 
431 
449 
453 
460 
472 
474 




ADGGAAA 
OSAAGOG 



O 

GOM DG OO A 
ADGOTMJ A 

gcsadso c 

GAOGCC0 A 
0GQM3G0 0 
CORGGOO A 

Acaccao A 

DAAAA?JEJ A 
AAAHACO C 
GOG5SU7 A 

Ggsanap c 

•AOCaSGO A 
ATOC^OT A 

awacGa a 

AACAOU7 C 
ACADCSO C 

a^grou U 

AGAODO A 

UGAAADU U 
GAAGOGU O 
AAGO3O0 A 
TORACAD U 
GCAAGCU U 
CVAGCOT A 
COGAAAU U 
OSUQUDO C 
UUCAAAU C 
TJCAACMJ U 
0000*0 A 
ADAGAAD C 
XGAADC0 A 
AGAAAAD G 
AAADGCa A 
AAADQC0 A 
GAGAGGU A 
GGQftSOCJ C 
A 

CADGACU C 
OSUCDCa C CUGUJUG 



AACAACU 



AAADCAA 
AACADDG 



oag&aaa 

GAAAABC 
GGBCfVAA 
CAAAAAA 
AAAGAAA 
G 0P0OU 3 
CAGAAOA 
CRGSCA0 
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480 
491 
494 
496 
497 
501 
503 
511 
512 
515 
518 



526 



544 
549 
551 



563 

564 

573 

576 

581 

584 

603 

604 

613 

614 

617 

629 

640 

641 

643 

652 

653 

663 

670 

671 

672 

674 

680 

681 

682 

683 

686 

687 

690 

691 

692 



rcroGMJ 



O3MIAA0 
ADAAEAIJ 
OAA0AD0 

X 



CADOAG0 



AA0AAOCX 
ACQAAA0 
CQAAAD0 



AU C OUG 0 
C0GS0CP 
UUbUUUU 



AGC0AA0 
ADAATC0 
ADGOOC0 



AAACG00 
AAAGQC0 

aacsco o 

GCOQACP 

aggacmi 

AACftfiOP 



AGCODCB 



AAGOGOT 
AAAACA0 
CCCCACP 



GAOG0Q0 
AUUUUUU 



UOCADOU 



a 

A A3 
X UUADGE& 
0 ADGUAEA 
X U3UADAG 
X UAGCAGC 
X GCAOCAU 
0 AGOAABA 
X GOAAEAA 
X A0AACUA 
A ACHAAAn 
X AAOTAGC 
17 AGGAGCA 
X GCAGCAG 
C UUUUUUU. 

(7 Antfyxra 

X QX3QG50 
U ACGAGAG 
X GGAGAGC 
A AHAADC0 

C COAAAAA 
X AAAAAD3 
a ACAAAGG 
X CAAAGCC 
a ACQACCC 
X CQROOCA 
X COCAAGG 
X GCCAACA 
0 COADGAA 
C 0A0GAAG 
X 0GAAGOG 
U USAAAAA 
U GAAAAAC 
C COCACO0 
U DAEAGAX7 
0 ACAGADG 
X UAGADGO 
X GMJ3DO0 

a popgooc 
a oasaocx 

U GDQCAD0 
U CAD0O0G 
C A P00O B G 
0 UOGGOAD 
0 OOGQADX 
0 GG0AIXAG 



696 
698 
706 
708 
709 
711 
726 
731 
740 
741 
742 
743 
751 
754 
755 
756 
766 
787 
788 
800 
802 
803 
811 
815 
816 
822 
824 
825 
829 
830 
840 
866 
869 
875 
876 
877 
883 
695 
913 
914 
916 
921 
923 
92S 
943 
946 
947 
949 
950 



0DUOGGU A 
O0GS3KJ A 
GGXCAA0 C 
ACAADC0 0 
CAADCUU C 
ADCOOC0 A 
OOS C A G0 X 
GOAGAGO 0 
AAGG3A0 U 
AGSGAD0 0 
GGG&DO0 0 
GGADQOO 0 
GCAG3AD 0 
GSAXX3G0 0 
GADOGUU 0 
ADOG0O0 X 
AADGCC0 A 
GCX2UJG0 0 
0GADGDO X 
GGGSAG0 C 
G3AGQC0 0 
GAGOCO0 A 
GGAAAA0 C 
AAOCAG0 0 
ADCAGCU A 
0AAAAA0 A 
AAAADA0 0 
AAAOAD0 A 
AUUAUUU 0 
UUALUUU A 
ACADGCO A 
AACAAGU 0 
AAGO0G0 0 
DOCSXGG0 0 
0 
X 

UMX3AA0 A 
CAAAAA0 0 
GCAGGAU 0 
CAGGAD0 C 
GGADUCO A 
C0AOCAP A 
ACCADAU A 
CAHADAD 0 
AAAOCA0 C 
GCAXEAU 0 
CAOCADU a 
UCADOAD U 
CAUUADU A 



DAGCAC& 
GCACAAU 
00C3AOC 



OACCAGX 



GAAGGGA 
OOOGCAG 



O GG0G CX 

aossoos 

OQS0C3S 



OCAAAAU 



AAAAA0A 
AAAADAU 



AUUOUAG 
UUUUAGG 
AGGACAU 



e«:Tr , «*Ji«ii 



GAQGOPO 
0AOSAA0 
AEGAADA 
OSAAZIAI7 
O OCCCAA 
G3GPGG0 
CQAGCAU 
0AOCAKJA 
CCAXXADA 
UADDGAA 
DOGAACA 



ADUADUA 



UUADCU0 
ADCOUUG 
UCO0O3A 
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952 U U AU U A P C DOOGACO 

954 AUUAUOJ U 0GACOCA 

955 UUALKJJU U GACOCAA 

960 qooGa ca c aadoooc 

964 ACDCAAO U OO C O C a C 

965 CUCAADU 0 OCUCACU 

966 CCAADUU C CDCACDU 
969 AUUUUJU C ACDOCCC 

973 OCUCACQ tJ COCCAGQ 

974 CDCACDO C UGCAGDG 
976 CACDOCU C CMSO50A. 
983 CGAGOGO A GQADDAG 
986 . GOGOAGQ A OOAfiSC A 

988 Gomamu u aggcaad 

989 UAGUAUU A G3CXADG 
1007 CDGGC C P A GGCADAA 
1013 UAGGCWJ A ADGQGAG 
1024 GSAGAGCJ A OGAGOT 
1032 CACaOOT A CACOGAG 

1044 gagguuj c aagadoj 

1050 OCAAGAD C URUftDGA 

1052 AAGADOJ A GAD5A03 

1054 GABCOAI7 A U5ADGC& 

1072 AAGSCftP A LR XD GA A 

108S AACAACO C AAAGAAA 

1103 GOGOGAD U AACOACA 

1104 030GADU A ACOACAG 
1108 ADDAACD A CAGOGOA 
IUS AC2U3Q5D A CBBUSRCP 
1118 GB5QACU A GAC00GSV 
1123 OJAGACa U GACAGCA 
1139 AAGAAOJ A GAGQCOA 
1146 ASAGGCCJ A OCAAACA 
1148 MO C OB D C AAACADC 
1155 CAAACAU C A UJUUA A 

1160 ADCAGOJ U AADCCAA 

1161 OCAGCDU A ADOCAAA 
1164 GCOUAAD C CAAAAGA 
1173 AAAAGU7 A ADGADGU 
1181 ADGADGU A GA GOJUU 

1187 UAGAGOJ U UGAGCUA 

1188 AGAGCOU U GAGODAA 

1193 UUUGAGQ U AADAAAA 

1194 00GAG0U A AZ2AAAAA 
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Table 36: RSV (N) HH Eibozyme Sequence 



at. HH Ribozyma Saquaseo 

Position 

9 adcooog caeaPGaggcoGajuu go oG a A adodgoc 

21 UUUJUA A OJGADGAGGCCGAAAGGCCGAA AGOCACC 

23 eoooc c d cocaosAGGOCGAAAGGCcaAA. agagoca 

24 ACOUUGC CDGADGAGGOOGAAAGGOOGAA, AAGAGCC 

32 ocaacdo axaaDSAGSOOGAAA GaocsA *, acdoogo 

37 AUCADUC COGADGAGGCCGAAAGGOOGAA. ACUUGAC 

45 DOGAGOG COGaPGAGGOOGAAA CGC O GA A, ADCADCC 

SO CDOaGDO COGADGAGGCOGAAAGGCCGAA AGOGOAU 

60 AGAAGOT CDGADGAGG00GAAAGG0G5AA> MCOOOG 

65 ADGACAG COGA PGafl BOOSAAAGSgCgML AGOOGAD 

66 GADGACA CG2AOGAGQO0GAAAGG00GA& AAGDDCA 
70 QCDGGAa CDGADGAGGOOGAAAGGOOGAA ACAGAAG 
73 0000C0S CDGAD5AGGCCGAAAGGOCGAA. ADGACAG 
82 G AUGG O S CDGADGAGGOOGAAAGGOOGAA A DO PGC O 
89 OCCGOOG aXOTGAGGOCGAAAGGCCGAA ADGGOGD 

108 DCAADAC CDGADGAGGOOGAAAGGOOGAA. ADCOCCD 

111 GOADCAA CDGADGAGGOOGAAAGGOOGAA A OJAU C U 

113 GAGQAOC QJ3AD3AGGCOGAAAGGCOGAA ADACDAD 

117 DOAGGAG CDGADGAGGOOGAAAGGOOGAA ADCAADA 

120 UAADQAG C0GAOGAOG0Q GA AAGGCQGAA AGOADCA 

123 UCADAAD ajGADGAGGOOGAAAGGOOGAA AGGAGDA 

126 ACADCACT CCX2ADGAGGCOGAAAGGOOGAA ADOAGGA 

127 CAGAIX3L COGADGAGGOOGAAAQGCCGAA AADDAGG 
146 ACOUADD COGAOGAGGCOGAAAGGOGSAA ADGOGDO 
ISO CAXJAACD CDGADGAGGOOGAAAGGOOGAA ADOCADG 

154 GCCACAD COSADGAGGOOGAAAGGOOGAA ACOOAOT 

155 TOCCACA CDGADGAGGOOGAAAGGOOGAA AAGDOAD 
1$6 GADUAA0 CDGADGAGGOOGAAAGGOOGAA. ACADGOC 
167 UUAUUAA GDGAOGAOGOOGAAAGGOOGAA AACADGC 

169 OGOGADD CDGAD3AGGOOGAAAG300GAA ADAACAU 

170 COGOGA0 CDGADGAGGOOGAAAGGOOGAA AADAACA 
173 COOCDGO COGADGAGGCCGAAAGGOOGAA ADUAADA 
186 UUADGA0 OT»DGAGGOOGAAAGGCOGAA A GCADCD 
189 AADOUAD CDGADGAGGOOGAAAGGOOGAA. XDUAGCA 
192 CUGAADD CDGADGAGGOOGAAAGGOOGAA. ADGADOA 

196 COCAGOG CDGADGAGGOOGAAAGGOOGAA ADDOADG 

197 AOOCAGD CDGADGAGGOOGAAAGGOOGAA. AADOOAD 

205 AOCDAda CDGADGAGGOOGAAAGGOOGAA AOOCAGg 

206 UACCDA0 CDGADGAGGOOGAAAGGOOGAA AAOOCAG 
209 ACAXJAOC COSAOGAGGOOGAAAGGOOGAA ACUAAOC 
213 GADAACA CDGADGAGGOOGAAAGGOOGAA AOCQADO 
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217 
2X8 
220 
229 
231 
235 
236 
254 
260 



277 
279 
284 
299 
305 
315 
318 
326 
327 
346 
347 
355 
356 
361 
370 
371 
383 
384 
389 
395 
401 
406 
408 
415 
418 
431 
449 
453 
460 
472 
474 
480 
491 
494 
496 
497 
501 
503 
511 



OQC3UXUJ CDCMGACGCOaAAGGCCGAA AOBQACC 
OOGCMIA COGWXatfWOOGAAAGSCCEAA AAOUBkC 
CaDCGOL CPSMKaQOOO GA AAGSOOSAA, ADAACM7 
UAAOCOA aXafflGAQBOO SA AAQ GOCGa A AOPOBC 
CCQAACC QXStfXSftGGCXXSaAAG gOaGft A AG&CADC 

um ucc u 



oxuulx: eosMxau asooa uuhSgocaMi aaccoag 
uuauuuu cogmba ga oo ga aaqgoo ga a aog90g9 
cu cd ga g 



caoaxu coGADSAGQoraAAOsooGAji agu auuu 

DAQtOGA CPgfflGa OQOOGAAAQSOOgAA A OC O 00C 




UlUUJUU CPSaagAGGOO GA AA 



rtrli.Pi 



OTsaraasooGAAAGaoaaA. acaooqa 

0CD0GAC CUGADS&GG00GAAAGQQ0SAA yjGDGOO 
A P G 0C0P CDSADGAGSOOSAAAfiSQOSAA AOGAOSCT 
00CCAOT COGAOBAflBQOG AAAQB O OGA A A PGOC0P 
UUUJCA P CDGAEGaGQOCGAAAQSCOGAA AAD50CCJ 



AOUCDOC CP5ADGA GS 00 G&A ftQ 00CGA A AAO00CA 
CAADGOT OD^ADGAGSQGGAAAGSOOSAA ACACOOC 
OCAADCT C0GAPSAGGOOGRAAQBG0BA& AACftCDU 



GCDOGOC GOGAXXSAGGCOSAAACSSaXM AOSDGAA 
AGQ0GOO COGAXXSAQ3GGC3AAAG83GGAA. A flCOOGC 
CAGO0G9 CUGADGRGG00SAAAG9Q05AA AAGO00G 
OSaD OD G C0GADSAGGC0SAAA G30CGA A AUUUCA O 
DOGADOU C0C8UDGAGQ0QGAAAQ3QQ5AA, AAUUUCA 
CAAUiUU CD5ADGAQQOOSAAAGGCQGAA A D00GA A 
COADOOC COGADGSUSQGOGAAAGGOOGAA AD000GA 
TJAGADOC GX2ADGAGG00GAAAGG0CGAA ADOOCAA 
roOOCm C0GAD3U3GSOSAAAG3COSA& ADOCOMJ 
GADOOOC CB3ADSRGGOOGAAAGC30CGAA AGRDOCD 
UUUUUAG O9SAKX9GGQ0SAAAGGQOSAA A P0OOC0 
UUUUUUG GOSAOSAGGGCGAAAGQCOGAA AGGADD7 

oooazoa cssaxsrgscogaaaggqosaa aqc apoo 

COGGA0C CXX5AD3AGGOCGAAAGGCCGAA AOCOCDC 
OPSADGftQQOQGAAAGGOOSAA AGCQACC 
A D GC fcPG ePSAflGAGGOOGAAA GBCOSA A A O0O0GG 
A3KAGGA C03AP5RGGOOGAAAGG P OG A A AGOGADG 
C3UUXAG COGADGaGGQOGAAAGGQCGAA AGAGDCA 



AOAADAD C05APSAGGO0 GA AA GGO0SA A AZ30UDGC 
OACADAA C0GAXX2U330GGAAAGS0CGAA A90ADCA 
UADACAU CPSMDGAQGOOGAAAQ gOOGA A ADADOA0 
CDABACA ODGADGAGSQ0GAAAG 500GA A AJU2ADQA 
CXXSADGAGG00GAAAGQCOGAA AOU3AAU* 



ADGCOGC COGNDGRGSCGSUUUSSQOSA MRCMa 
UM7QA0J OX3AIXaOG006AAAOQOCGAA ADGCOGC 
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512 XSOPJmC CDOAIXaGGCCGAAAGGCCGAA AADGCUG 

515 UAGOQAU COGADGAGGCOGMkAGXXrSAA ACUAADG 

518 ADUUAGO C3XSUXMGCCGAAAGCXrr^A AJOTACOA 

522 GCUAAJ3U CXJGAnSAGGGGGAAAGGOCGAA AGOOAOT 

526 U U UU UC U CDGAD33U3GQCGAAAGGCCGAA ATOUAGU ' 

527 COGCUGC CDGADSUaSCCGAAAGGCOGaA AAUUUAG 
544 AAGACCA C OGADSaGGOCGAAA GGOOGAA AJUUJUUC 
549 GaJG0A A.C0GaiX5Rg 3 00 G AAAGGCCGAA ACCAGAU 

551 CGQCDGO GDGAD5AGGCOSAAAGGQCGAA AGACOC 

552 AOSSC DO CDGAIX3AGGCOGAAAGGO0GAA AAGACCA 

563 C0C 0 OOD C0GADGACGOO3RAAG3O0GAA ADCACGG 

564 G OXaj CC C0GAI33AGGCa3AAAGGCCGAA AADCACG 
573 ACADOAU CTCADGAGGOCGAAAGGOCGAA ACCPCDC 
576 AGGACAXJ C0GAaaCGCCGAAAG3CCGAA ADUAGCU 
581 UUUUUA G CP3AP53M3GCCSAAAG GCCGa A ACABDMJ 
S84 CADDOOU COGADSU3GCOGAAAGGaCX»A AGCACAU 

603 ocoooGa oDGMiaussoosaMGSo aa ui accoocc 

604 UXMUUU C0GREGA GG O QSA AAG5O05AA AAOAJUU 

613 GGGORGU CEXSADGAGGOO GA AAGGOOGAA A OJ U JUU 

614 O GSS OB G OT2A03AGGOOGAAAGGOCGAA AAGCCOO 
617 CCOOGQG COGADGAGGCCGAAAGGCCGAA AGOAAGC 
62S UUUUUjC COGAPgAC G C a S&AAGGOOGAA A O50 0C 0 

640 DDCADAG COGAPBtfaOOSaMGaOOBUl & BC0G0O 

641 COOCADA CDGAIXaasaaSAAAGCXaSAA AAQCDGU 
643 CACDDCA CDGA23S3US3QOS2UUU3C3CaSAA AGAAGOJ 

652 UUUUUUL OTSAD3AGGCOSAAAGGCCGAA AOCOOC 

653 Goaaoac cosaixsvggcogaaaggccgaa aacacot 

663 AAGUSG3 C033U03AGGCCGAAAGGCOGAA ADCOUUU 

670 AO30MXA C03 A DSAQGCOSAAAQGCCGAA AGOGGGG 

672 ACABCUA OX3AIX2AGa3aGAAAG3Qa»A AAAGOGG 

674 AAACADC CTCUXSAGGCaaAAGGCCGAA AXJAAAGU 

680 GAACAAA CtXSADGAGGCOSAAAGGOOGAA ACADCUA 

681 TOAACAA OTADGAGGaSAAAGGOOSAA AACAOCU 

682 A03AACA CDGADSAGGOaSAAAGGOOSAA AAACADC 

683 AADSAAC CDGAO3AGG0CX3AAAGGO0GAA AAAACAU 

686 CAAAABG CD5ADGAGGOO GA AAGGOOGAA ACAAAAA 

687 CCAAAAD CCXSADGSSSGOOGAAAGGOOGAA AACAAAA 

690 AHACCAA CtJSADGAGGOCGAAAGGOOGAA ADGAACA 

691 UAEACCA CT3AIX3AGGOOGAAAGGOCGAA AADGAAC 

692 Oa&nAOC Crara^GQCCGAAAGGOCGAA AAADGAA 
696 O30GC0A C03MX3AGGOOGAAAGGOOCAA AOCAAAA 
698 ADOGOGC COC3U0GAGGCCGAAAGGOCGAA ADACCAA 
706 GGOAGAA CCEADGAGGCCGAAAGGCOGAA ADOGOGC 

708 CDQGUAG COGADGAOG005AAAGG0OSAA AGADOGU 

709 UCDGGOA COSUXSWQSaCGAAAGGCOGAA AAGATOG 
711 OCDCOQG CTOADGAGGOCX2AAAGGCCGAA AGAAGA0 
726 UCAA£OC CXX3AXXj3USGQOGMAGGGCGAA ACOGCCA 
731 UO0CU0C CCGADGAGGOOGAAAGGCCGAA ACOCOAC 
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740 COGCAAA COGaTOaGGCOHAAAGSOaSU AUUOOJU 

741 CCOGCAA C O G AOSa flOttSaaa QSOO Gaa JU U 3CC CU 

742 O 0C0QCA COGADBUBQOO Ga aaGSOOGaa AAADCCC 

743 ADCCOGC COGADGAGGCCGAAAGGOOGAA AAAADCC 
751 CADAAAC CDGATOAOOOasUUGSOOSUl ADCCOGC 

754 ADOCAOA OTGADSAGCXOSUtt^ ACAADCC ' 

755 CADUCAXJ OX2ADG3U3GCCGAJUOTOOG3A AACAADC 

756 GCaTOCA CDGADSaSSOOGSUVACSO OS SUl AAACAAD 
766 UGCACCA COGADGAGGOCGAAAGGCOGAA XGSCADO 

787 raooGa caGaDGgtf S GsxG A AaG sas» A, acaocac 

788 cocaocG axaDsacso o sa aaGSOOsaa aacacca. 
soo uugoja a cosAxxaGooasAAaGscosaa acoccoc 

802 uuuuucu cDGa a Gacgoasua Gg O Ds a amerce 

803 a poaoGC ax»osaGC3oasaaG5Qosaa aagaccc 
811 uuaAAca cixsansaoGOocaaaGsooGaji auuuuuc 
815 umjdouu coGatxaacsoasaAAGQQGsaa aaxsaro 
8i$ arrauou cxiGS>DGaG G O0 Ga aa fl30osa a aacogact 
822 aacaeaa coGaDcaGGoasaacsaoGaa auuuuua 

824 caaacaij coGaDGaraasaaaaoxesA amocoa 

825 caaaacx coGADa GSoaa aAG soosa a Aanaroa 

829 adgdccd axafflcaflQOogjuGsoo aa * acusaair 

830 caogdoc coGaroaGoooGAAAoxtEAA aaauaaa 
340 ugcacac axsuoGAGGcccsuuussoasaa aoc aoso 
866 ccdcaac cosaDSAGsooGaaaarosaa. a cdogoo 

869 AAACCDC CTCAIXSAGQOOGAAAG30QGAA ACAACOT 

875 abocwja CDraxxsuscxbGaaaGsaoGaa aococaa 

876 nacDCAn coGaDGAGGocsuaGGoosaa. aaccdca 

877 aeaduca cDGASGaoGoaa^aaaooDsaa AAACCDC 

883 OOGGGCA C0GADGAGGOCGAAAG3CCGAA XDOCAna 

895 accaccc ctJGaroiuscscoGwvAGsa^saA aouuuug 

913 ADGGOAG COGAtXSUSSOQGAaaGSQGSAa. APOCOGC 

914 UALWJA CPGraXauSQCOGAAAGGC G C jA A. AADCCOG 
916 CADAXJGG CDGADSAGaOCSAAaGGOOSAA. AGAADCC 

921 uocaana axsaDGAGsoasaaaasoosaa aoGsea g 

923 OGOOCAA. GDGADGAGGOOGAAAGSQGGAA. AUADOGU 

925 Goasaoc cocauiQRCG o o Ga aacsooGaa, adaeadg 

943 naanaAu axsaDGAGcsooGAAaoscoGsui adccoocj 

946 AGAOAAD aJGAXXaGGOOGAAaGGCOGaA ADGABGC 

947 AAGADAA C0GAO»GGCa2AAAG3CaGAA AADGADG 

949 CAAAGA0 COSaDGAGGOCGAAAGGOOGAA AIJAADGA 

950 tjcaaaga coGAOSAQoooGaaaoooccsaa, aanaaro 

952 ASXMA COSatXSAGGOCGAAAGGQCGAA. ADAADAA 

954 OGAGCCA aXSUDGAOCSGOSAAaGOOGCaUL AGAOAaU 

' 955 OOGAGOC CDGAXX3AGGCCG&AAGGOCGAA AAGADAA 

960 ggaaadu cosuxaoasDcsiaaGsoccax asocaaa 

964 GOSAGGA CCK3VDQU3GCOQAAAGGOCGAA ADOGAGU 

965 AGOGAGG CPGAIX3AGQOCGAAAGGCCGAA AADOGAG* 

966 AAGOGAG COGaOSACGOCnAAaGGOCGaa AAADUGA 
969 GAGAAGO OX3ADGAGGCCGAAAGGCCGAA AGGAAAU 
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973 
974 
976 
983 
986 
988 
989 
1007 
1013 
1024 
1032 
1044 
1050 
1052 
1054 
1072 
1085 

1103 
1104 

1108 

1118 

1139 
1146 
1148 

1160 
1161 
1164 
1173 
1181 
1187 
1188 
1193 
1194 



AC OGGA G COGADSAGSOOSAAAGSGCSAA. AGOGAGG 
GACOGSA, O0GAJX3U3GGOSAAAGGSQGAX AAGOGAG 
UACACOG C O G MGA GaQaSAAAfiGCOGAA AGAAGOG 
OXAADAC COGADGAGQCOGAAAGGCCGAA. ACACOGG 
DGOCQAA COGADGAGGCCGAAAGGCCGAA ACOACAC 
APOG CCO CTOAXXaAGGCCSAAAGGCCGAA ACEAOIAC 
CADOGOC C0GADSAGGCCGAAAG5OQGAA. AAUACQA. 
OOADGCC C U G ADGA GGCGGAAAGGOOGAA AGGOCAG 
C0CQCA P QXSADSAGGOOGAAAGGCOGAA ADGCCUA 
AOC0C0G C0G3U3GAGGCC3JkAGGa32AA AC 0C CC S 
OODG30G C0GADSAGG0CGAAAG3G0GAA. ACC3CGG 
AGADCOT eOGAXXSa QGCCSAAAGGOO GA A APC0C3C 
XJOJJM3H C UGA D GA SSeOGAAAG G CC S Aa. AbCUUGA 
CADCWJA CeXSAPSAGSOOGAAACGOOGAA AGADCOO 
DGCADCA. CQGADGAGGGCGAAAGGCCGAA AQAGADC 
UOCAGCA COGADGRGGCOGAAAQGQOGAA ADGO C DD 
UUUOJUU COGADGAGGCCGAAAGGCCGAA A GCOGDO 
CGOAGOU COGAOGAGGGGGAAAGGOOGAA ADCACAC 
COGOAOT CCTSAOSAGGCOGAAAflCQOGAA AADCACA 
UACACOG C0GAXX3AGGOGSAAAGGCOGAA AGOdAAU 
AGOCOAG C0GADS&QG0C GA AAG3QCS A A ACACCOT 



UUJU^C COGAOGAGGOOGAAAGGOCGAA AGCC3AG 
UAGCCTC G 0 Ga rea SGOa3lAAflS0pSAA t A G0OC0O 
OGOUOGA CPGADg fi flQCOSAAAflGOOG&A AGQCOCCT 
GAUGUUU CDGa PBA SSOaGAAAigSOaSAA AHAGCCO 
DUAAGCU COGAZXSAGGOOGAAAGGOCGAA AUUJUU G 
DDGGADD eOGA D GAGGGOGAAAQQOCGAA AGC3GAU 
POOGGAP C0GAXJ3AG0OXAAAGGCCGAA AAGCDGA 
OOOOOOG OTGADGfcSGCaSLAAOXXX^ ACGAAGC 
ACAUCAZJ OH3AIJGAGGQGSAAAGGQGGAA AUOJUUU 
AAAGCDC CDGADGA GG OOCglAAGSCOGAA ACAOCA0 
UAACDCA CDGADSA G GCOGAAAGGOOGAA A G C UOIA . 
OOAACOC OXSAXXSAGGCaSUkAGGCCGAA AAGCOC O 
UUUUAUU COGAEGAGGCCGAAAGGCCGAA ACOGAAA 
UUUUUAD CXX3AOGAGGOCGAAAGGCCGAA AACGCAA. 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 


Amidite 


Time* 


% Full 


^AQQeo/r inaij 






Lengtn 




(min) 


(min) 




Product 


AoT 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


85 


AoT 


S fn ?5/n,i7l 


[0.1/0.021 


15 m 




(GGUfeGGT 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


78 


(GGIO3GGT 


S [0.25/0.171 


[0.1/0.02] 


15 m 


81 


C9T 


T {0.50/0331 


[0.1/0.02] 


15 m 


90 


C9T 


S [0.25/0.17] 

• 


[0.1/0.02] 


15 m 


97 


U 9 T 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


80 


U 9 T 


S [0.25/0.17] 


[0.1/0.02] 


15m 


85 


A (36-mer) 


T [0.50/0.33] 


[0.1/0.02] 


15/1 5m 


21 


A (36-mer) 


S [0.25/0.17] 


[0.1/0.02] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.24] 


[0.1/0.03] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.05] 


15/15 m 


38 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.05] 


10/5 m 


42 



"Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2-Omethyl coupling. S » 5-S-Ethyitetrazole, T = 
tetrazole activator. A is 5* -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3* where lowerecase represents 2'-0-methyinucleotides. 
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Table 40: Base Deprotection 



Sequence 



Deprotection Time 
Reagent (mm) 



T *C 



% Full 
Length 
Product 



iBu(GGU)4 


NrVOH/EtOH 


16 h 


55 


62.5 




MA 


10 m 


65 


62.7 


• 


AMA 


10 m 


65 


74.8 




MA 


10 m 


55 


75.0 




AMA 


10 m 


55 


77.2 


PrP(GGU)4 


NhUOH/BOH 


4h 


65 


44.8 




MA 


10 m 


65 


65.9 




AMA 


10 m 


65 


59.8 




MA 


10 m 


55 


61.3 




AMA . 


10 m 


55 


60.1 




NhUOH/EtOH 


4h 


65 


75.2 




MA 


10m 


65 


79.1 




AMA 


10 m 


65 


77.1 




MA 


10 m 


55 


79.8 




AMA 


10 m 


55 


75.5 


A (36-mer) 


NH 4 OH/EtOH 


4h 


65 


22.7 




MA 


10m 


65 


28.9 
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Table 41: 2'-0-Alky!sily| Deprotection 



Sequence Deprotection Time T °C % Full 

Reagent (min) Length 

Product 



AgT 



TBAF 
1.4 M HF 



24 h 
0.5 h 



20 
65 



84.5 
81.0 



(GGU) 4 



TBAF 
1.4 MHF 



24 h 

0.5 h 



20 
65 



60.9 
67.8 



C10 



TBAF 
1.4MHF 



24 h 
0.5 h 



20 
65 



86.2 
86.1 



U t0 



TBAF 24 h 20 

1.4 MHF • 0.5 h 65 



84.8 
84.5 



B (36-mer) 



TBAF 
1.4 MHF 



24 h 
1.5 h 



20 
65 



30.6 



A (36-mer) 



TBAF 
1.4 MHF 



24 h 
1.5h 



20 
65 



29.7 
30.4 



B is 5 1 - UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 



-3'. 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (mia* 1 )* 


HH 


LIS t 0.08 


HDV 


0^6 ±0.15 


HP(GC) 


036 ± 0.06 


HP(GO) 


0.054 t 0.003 

* 



* k represents the nnimolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleared Transcript) = j£ (l-e*^ 4 ) 

The equation describes the extent of ribozyme processing in the pre sense of 
ongoing transcription (Long & Uhlenbeck, 1994 Proc. Natl. A cad. Sci. USA 91, 
6977) as a function of time (t) and the unimolecular rate constant for cleavage 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 45 



Entry Modification 



U/2 (m) 
Activity 

(t A ) 



ti/2 (m) 

Stability 

(ts) 



D = ts/t A 

X 10 



1 

2 



U4&U7«U 1 
U4 & U7 * 2*-0-Me-U 4 



0.1 
260 



1 

650 



3 
4 
5 



U4 * 2*«CH2-U 6.5 
U7 « 2 , =CH 2 -U 8 
U4 & U7 « 2 , «CH 2 -U 9.5 



120 
260 
120 



180 
350 
130 



6 
7 
8 



U4 = 2 , r=CF 2 -U 5. 
U7 c 2*=CF r U 4 
U4 & U7 = 2*=CrVU 20 



320 
220 
320 



640 
550 
160 



9 

10 
11 



U4 * 2*-F-U 
U7 = 2'-F-U 
U4&U7c2*-F-U 



4 
8 
4 



320 
400 
300 



800 
500 
750 



12 
13 
14 



U4 = 2'-OAIIyJ-U 3 
U7 = 2'-C-AflyHJ 3 
U4&U7 = 2*-C-AIIyl-U 3 



>500 

220 

120 



>1700 

730 

400 



15 
16 
17 



U4 = 2'-araF-U 5 
U7 = 2*-araF-U 4 
U4 & U7 = 2 # -araF-U 15 



>500 

350 

500 



>1000 

875 

330 



18 
19 
20 



U4 = 2*-NH r U 10 
U7 = 2'-NH2-U 5 
U4&U7 = 2'-NHr U 2 



500 
500 
300 



500 * 

1000 

1500 



21 
22 



U4 = dU 
U4&LT7 = dU 



6 
4 



100 
240 



170 
600 
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CLAIMS 

vyhat is claimed is: 

1. An enzymatic nucleic add molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, relA mRNA, TNF-umRNA sites shown In Table 23, 25, 
5 27, or 28, CML associated mRNA selected from those identified as 

SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic add molecule of claim 1, the binding amis of 

which contain sequences complementary to any one of the 
10 sequences defined in any of those in Tables 2, 3, 6-9. 11, 13, 15- 

23,27,28,31,33,34,36, and 37. 

3. The enzymatic nudeic add molecule of claim 1 or 2, wherein said 

nucleic add molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 
1 5 RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 

Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic add molecule of daim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. . 

20 6. The enzymatic nucleic add molecule of claim 5 comprising between 

1 4 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of daim 1 or 2, comprising 
between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nudeic acid molecule of claim 7 comprising between 
10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8, 
10, 12, 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

30 10. A mammalian cell including an enzymatic nudeic acid molecule of 
daims 1 or 2. 
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11. The cell of claim 10, wherein said cell is a human ceil. 

12. An expression vector including nucleic add encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 

5 molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of daim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1 1 IL-5, ml A, TNF-c, or RSV by administering 

10 to a patient an enzymatic nucleic add molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ml A, TNF-o, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

15 18. The method of claim 17 wherein said condition is selected from the 

group consisting of atherosclerosis, myocardial Infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 

20 Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkylnucleoside, 2'*deoxy-2'*aIkylnucleoside l nudeoside S'-deoxy- 
5'-dIhalo-methylphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate, nucleoside 3'-deoxy-3'-dihalo- 

25 methylphosphonate, and S'.S'-dideoxy-S^'-bistdlhalo)- 

methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, a'-deoxy-^-aJkylnucleotide, S'-deoxy-S'-dihalo- 
methylnucieotide, S'-deoxy-S'-difluoro-methylnudeotide, 3'-deoxy- 

30 S'-dihalo-methylnucleotide, and S'^-dideoxy-S'.S'-bisfdihalo)- 

methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5'*C-alkylnucleotide, 2'-deoxy-2'- 
alkyinucleotide, 5 , ^eoxy-5 , -dihaJo-methylnucleotide, 5'-deoxy-5- 
difluoro-methylnudeotide, 3'-deoxy-3*-dihalo-methylnucleotide , 

5 and y f 3 , ^deoxy-5^3 , ^is(dihalo)-methylphosphonate. 

22. The S'-C-alkylnudeoside of claim 19, wherein the sugar portion is in 
a talc configuration. 

23. The S'-C-alkylnudeoside of claim 19. wherein the sugar portion is in 
an alio configuration. 

10 24. An ofigonudeotide comprising a nudeotide selected from the group 
consisting of ff-C-alkyinudeotide, ^-deoxy^-alkylnudeotide, ff- 
deoxy-S'-dihalo-methylnucleotide, S'-deoxy-S'-difluoro- 
methylnudeotide, S'-deoxy-S'-dihalo-methylnucleotide, and S'.S 1 - 
dideoxy-5 , f 3 , -fais(dihalo)^nethylphosph6nate. 

15 25. An ofigonudeotide comprising a moiety having the formula: 

wherein B is a nudeotide base or hydrogen; R1. R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyi group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
20 between 2 and 5 amino adds inclusive; and the zigzag lines are 

independently hydrogen or a bond. 

26. An oligonudeotide comprising a 3 -amido or peptido group. 

27. An ofigonudeotide comprising a S'-amido or peptido group. 

28. The oligonucleotide of daim 24, 25, 26, or 27 having enzymatic 
25 activity. 

29. Method for producing an enzymatic nudeic add molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nudeotide having an alkyi group at its 5'*position or 2 - 

30 position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyi phosphine, diethytazodicaiboxylate, p-nrtrobenzoic 
add under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5* or a 3'-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate^ntaining sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5*- or 3'* 

1 0 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 portions are substituted with 2-NH-amino acid 

33. A method for the synthesis of RNA comprising the step of providing. 
5-S-aDcyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidrte during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-afkyftetrazole at 0.15-0-35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupGng step for less than 

20 or equal to 1 0 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkyiamine (MA) or NFUOH/alkytarnine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocydic amino 
protecting groups from protected RNA; wherein said alkyt is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyL 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine*hydrogen fluoride (aHF*TEA) trimethylamine or 

30 disopropylethylamine at between 60 °C-70 Q C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 

5 remove a protecting group of the 2Mrydroxyi position, 

39. Method for synthesizing RNA containing a phosphorothtoate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1,2- 
benzodithiole-3-one 1,1 -dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 

1 0 300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyttetrazole or 
5-S-methyttetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
15 active. 

42. Method for synthesizing 2'-deoxy-2'-amino-nucleosidd 
phosphoramidtte, comprising the step of protecting the 2*-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

20 44. Method for synthesis of RNA comprising the step of: protecting the 
2-position of a nucleotide during said synthesis with a 
(trimethylsflyl)ethoxymethy| (SEM) group. 

45. Method for covalently Bnking a SEM group to the 2-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 

25 SEM-containing molecule under SEM bonding conditions. 

46. The method of daim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 

30 molecule or oligonucleotide with boron trifluoride etherate 

(BF3«OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF3<>Ei2) is provided in 
acetonfrfle. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
5 intramolecular or intermolecular cleaving activity, said first 

ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic add sequence encoding a second ribozyme 

0 having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic arid being flanked by other 

. nucleic add sequences encoding RNA which is deaved by said 
S first ribozyme to release said second ribozyme from RNA encoded 

by said vector, 

wherein said first and second nucleic add sequences may be on the 
same or separate nudeic add molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
20 reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of daim 49. 

51. A transcribed non-naturally occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an Intramolecular stem formed by base-pairing interactions 

25 between a 3' region and 5' complementary nucleotides in said 

RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of daim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

1 53. The RNA molecule of claim 51, wherein said molecule is transcribed 
30 by a type 2 pol HI promoter system. 

54. The RNA molecule of daim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of daim 53, said RNA having A and B boxes of a 
type 2 pol 111 promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3* end of said B box. 

5 57. The RNA molecule of daim 53. wherein said desired RNA molecule 
is in between the said A and the B box 

58. The RNA molecule of daim 53, wherein said desired RNA molecule 
indudes said B box 

59. The RNA molecule of daim 51, wherein said desired RNA molecule 
10 is selected from the group consisting of antisense RNA, decoy RNA, 

therapeutic editing RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5* terminus is able to 
base-pair with at least 12 bases of said 3' region. 

15 61. The RNA molecule of daim 51, wherein said 5* terminus is able to 

base-pair with at least 15 bases of said 3* region. 

62. DNA vector encoding the RNA molecule of dafm 51 

63. The vector of daim 62, wherein said vector is derived from an AAV 
or adeno virus. 

20 64, RNA vedor encoding the RNA molecule of claim 51. 

65. The vector of daim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of daim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

25 67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of daim 53. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5* terminus able to base pair with 
at least 8 bases of a 3* region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
1 0 bases in helix 2 and able to base-pair with a separate substrate 

RNA, wherein the said ribozyme comprises one or more bases 3* 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans.' 

1 5 74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2L 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, oisO-20, nisi- 

■ * 

20 4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
25 helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

■ 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 
30 81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

233. A cell including an expression vector of claim 82. 

84. Method for altering In vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic add able to form a duplex or 
triplex molecule with said nucleic acid molecule, wherein formation 
of said duplex or triplex molecule directly, or after nucleic add 
repair in vivo t causes at least one base in said nucleic add 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nudeic add sequence. 

15 85. The method of daim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of daim 84, wherein said oligonudeotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

> 

87. The method claim 84, wherein said nudeic acid molecule is DNA or 
RNA. 

88. The method of daim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

89. The method of daim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methyiation of cytosine to 5-methylcytosine. 

91. The method of claim 84. wherein an endogenous mammalian 
editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a ceil or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

add molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
10 RNA from said first nucleic add under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nudeic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nudeic add into a cell or tissue, 
1 5 comprising the steps of, 

providing a complex of a first nucleic add molecule encoding said 
desired nucleic, acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
structure under physidogicai conditions with said first nudeic add 
molecule; wherein said first nudeic add molecule lacks a promoter 
region and said R-loop is formed in a region of said first, nudeic 
acid molecule at a location which promotes expression of RNA from 
said first nudeic add under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said desired add molecule is produced in said 
cefl or tissue. 

94 Method for introduction of a desired nudeic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nudeic add molecule encoding said 

enzymatic nudeic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 

■ 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

5 and wherein said second nucleic add further comprises a 

localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nudeic add molecule is produced 
in said cell or tissue. 

10 95. Complex of a first nudeic add molecule encoding an enzymatic 

nucleic add associated with a second nudeic add molecule 
having sufficient complementarity with said first nucleic add 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nudeic add molecule; 

1 5 wherein said R-Ioop is formed in a region of said first nucleic add 

molecule at a location which promotes expression of RNA from said 
first nucleic add under said conditions. 

96. Complex of a first nudeic add molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 

20 suffident complementarity with said first nudeic add molecule so 

that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic add molecule tacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 
25 molecule at a location which promotes expression of RNA from said 

first nudeic add under said conditions. 

97. Complex of a first nudeic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nudeic acid molecule; 
wherein said R-loop is formed in a region of said first nudeic acid 
molecule at a location which promotes expression of RNA from said 



SUBSTITUTE SHEET {RULE 26) 



NUC 37906 



30 



WO 95/23225 PCT/XB9STO0156 

302 



first nucleic add under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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R = H = PAC 
R = tBu = TAC 
R = iPr = iPPAC 
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f]Q /j/f S35 Sequence 

GGCAGAACAG CAG AGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 5 0 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 

» 

FIG- 45. HHIS35 

GGCAGAACAG CAGAGUGGOG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC OGCG GCACAA CAOIGATrfiAn 100 
r.ArrOAAAGG nCPOAAACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



FIG. 46. S35 p,us Sequence 



GGCAGAACAG CAG AGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGOUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



FIG. 47. HHIS3B Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CAP 1G AUG AO 100 

r.Arrr,AAAGG nrrr.A a acgg gcaggauccu aacgauccgg ggugucoauc 150 

CAUCACUCUG CUGUUCUGUU U 17 1 



Underlined bases indicate the HHI ribozyme sequence 
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A BOX = URGCNNAGYGG I This is based on Geiduschek & Tocchini-Valentini, 

(198M Anna. Review Biocheni 57. 873-914. However 
B BOX = GGUUCGANUCC I this consensus sequence is not meant to be limiting 

N = A,U, G,orC 

R = Purine 

Y = Pyrimidine 

• « Indicates base-pairing 

— = Indicates covalent linkage 

Indicates sites at which desired 
RN As can be cloned 
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